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ABSTRACT
BACKGROUND AND OBJECTIVES: Television watching and computer use are
considered to be the main sedentary behaviors in children and youth. However, their
longitudinal impact on HbA1c and serum lipids among youth with type 1 diabetes (T1D)
and type 2 diabetes (T2D) are under-studied. Sedentary behavior is normally assessed by
questionnaire in large epidemiological studies, however, its measurement by
questionnaire has not been evaluated among youth with diabetes. Also, no recent studies
have evaluated the optimal meal frequency for glycemic control in youth with T1D and
T2D; for this reason nutritional guidelines on meal frequency for youth with diabetes are
vague. In this study we investigated the longitudinal relationship between television
watching, computer use and meal frequency and HbA1c and serum lipids among youth
with T1D and T2D; and evaluated the performance of questions to measure sedentary
behavior in youth with diabetes.

RESEARCH DESIGN AND METHODS: This study included 1049 US youth (≥ 10
years old at the initial visit) with T1D and T2D who participated in the SEARCH for
Diabetes in Youth Study and provided baseline data from 2002 to 2005. These
participants were followed-up prospectively at 1, 2 and 5 years after the initial visit. All
participants included in these analyses had physician diagnosed diabetes, documented
year of diagnosis, were less than 20 years old on December 31 of the year of diagnosis,
and attended at least one follow-up visit. Data collection procedures were performed by
v

trained and certified staff following standardized protocols for both initial and follow-up
visits,. Data collection approaches included questionnaires, physical examination and
laboratory tests. Between July 2003 and March 2006, SEARCH cases aged ≥10 years
who participated in the on-site SEARCH visit were invited to participate in the
SEARCH-CC study in South Carolina and Colorado centers. All youth without diabetes
were selected from health care provider offices in the same geographic areas as cases.
Overall, 49% (n=220) of invited youth without diabetes participated in SEARCH CC
study.

RESULTS: Increased television watching on weekdays and during the week over time
was associated with larger increases in HbA1c among youth with T1D and T2D (pvalue<0.05). Among youth with T1D, significant positive longitudinal associations were
observed between television watching and TG (p-value<0.05) (week days and whole
week), and LDL (p-value<0.05) (whole week). The overall correlations between hours of
television watching from the YRBS and number of half hour television watching blocks
from the 3DPAR were 0.30 (p<0.05) and 0.45 (p<0.05) among youth with T1D and T2D
respectively, and 0.41 (p<0.05) among youth without diabetes. The correlations tended to
be higher in females, older participants, normal weight T1D participants and overweight
T2D participants. Similarly, African Americans and Hispanics with T2D tended to have
higher Pearson correlations. The YRBS questions tended to overestimate (by 0.23, 0.54
and 0.40 for youth with T1D, T2D and without diabetes respectively) television watching
compared with 3DPAR after adjusting for age, gender, and race. Among youth with T1D,
HbA1c increase over time was higher for those who consumed 1-3 meals/day compared
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with those who consumed 4-5 meals/day (reference group); changes in HbA1c for
individuals who ate 6-10 meals/day were not different from the reference group after
adjusting for potential confounders including BMI z-scores and total energy intake. This
association was stronger among youth who were ≥ 15 years (p-value for interaction<0.05)
and African Americans (p-value for interaction<0.05). Youth who consumed 6-10
meals/day consumed more calories on average than youth eating 6-10 meals/day. Meal
frequency was not associated with changes in serum lipids among youth with T1D and
T2D.

CONCLUSIONS: Youth with T2D who increased their television watching over time vs
those that decreased it had larger increases in HbA1c over 5 years. Youth with T1D who
increased their television watching over time had increases in LDL, TG and to a lesser
extent HbA1c. Television watching measured by YRBS questions showed weak to
moderate correlation with television watching measured by 3DPAR among youth with
diabetes. The correlation was stronger among youth who were older, female, overweight,
African American and Hispanic. Youth with T1D who ate 1-3 meals/day had higher
HbA1c over 5 years compared with those who ate 4-5 meals/day, but not those who ate
6-10 meals/day. Frequent meals without increasing total energy intake may be beneficial
for youth with T1D.
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CHAPTER 1
INTRODUCTION
1.1 Background
Diabetes is a serious, costly, and potentially life-threatening disease. Diabetes is
characterized by elevated blood glucose resulting from either insufficient insulin
production or ineffective insulin action. Diabetes can cause both chronic and acute
complications. Chronic complications of diabetes include cardiovascular disease, renal
disease, nephropathy, and neuropathy, and can influence all segments of people with the
disease.

There are mainly two types of diabetes which are type 1 diabetes (T1D) and type 2
diabetes (T2D). T1D is an autoimmune condition characterized by the progressive
destruction of pancreatic beta cells leading to an absolute deficiency of insulin. T1D is
possibly related to autoimmunity that is triggered by an interaction of genetic and
environmental factors. T2D is usually a consequence of insulin resistance or impaired
insulin action leading to hyperglycemia. In its early stages, T2D is characterized by
increased insulin production to compensate for impaired insulin action. With the
development of T2D, overproduction of insulin and chronic hyperglycemia impair beta
cell function and reduce insulin production. T2D mainly occurs in persons genetically
predisposed to the disease and is more likely to occur in the presence of other risk factors
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such as obesity, insufficient physical activity, increased sedentary behavior, and poor
diet.

The dramatic development of technology in the past few decades has resulted in changes
in the environment, which have led to sedentary lifestyles. In this situation, youth spend
more time on sedentary behavior that does not increase energy expenditure substantially
1

. One of the most common and important sedentary behaviors is television watching,

which has been studied extensively in non-diabetic populations. Most youth in the United
States are growing up in homes with television and spend more time on watching
television than any other activity except sleep, and the time spent watching television
may even exceed time spent in school 2-5. Recent estimates indicate that children 2 to 18
years of age watch at least 2.5 hours of television each day and are exposed to about 6.5
hours of media per day from all sources 6,7. This phenomenon is a major public health
concern because watching television has an effect on obesity, metabolic and
cardiovascular disease risk factors 2,3,8-15. So, the American Academy of Pediatrics
suggests that sedentary behavior, especially time watching television should be limited to
less than 2 hours per day 5.

Youth with T1D are particular at higher risk of developing cardiovascular disease than
the general population 16, and long-term glycemic control is a strong predictor for
cardiovascular disease in T1D 17-19. To our knowledge, there are few data specifically
addressing the role of television watching and computer use in the adverse effect of T1D
among youth. There is a potential inverse effect between physical activity and television
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watching and computer use, which means, the more time youth spend on physical
activity, the less time youth spend on television watching and computer use; the more
time that is spent watching television and using the computer the less time is available for
physical activity. Therefore, television watching and computer use are discouraged to
improve physical activity. But the above association is still controversial; television
watching and computer use may be independent of physical activity, which means,
television watching and computer use and physical activity are not mutually exclusive.
Each day, youth have the same opportunity to engage in many different activities that can
be both physically active and sedentary. They can have different hours of television
watching and computer use but still participate in one hour moderate-vigorous physical
activity per day. So it is possible for a child to be both physically active and spend more
hours watching television and using the computer. Furthermore, television watching is
often accompanied with snacking and beverage intake which can increase intake of total
energy. Moreover, youth are likely to be exposed to television advertising for unhealthy
foods, which may trigger further unhealthy food consumption 1,20-23.

Youth with T2D typically have been noted to be sedentary 24. Based on data from
NHANES III (1988-94), 26% of children watch 4 or more hours of television a day and
67% watch at least 2 hours a day 25,26. Several studies have found a positive association
between the amount of television watching and computer use and the prevalence of
obesity 13,26,27. Since obesity is an important risk factor of T2D diabetes in youth, hours of
television watching and computer use may have influence on T2D in youth.
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The Youth Risk Behavior Survey (YRBS) is an ongoing CDC surveillance program
developed in 1989 to monitor health behaviors among US youth. The YRBS questions
focus on the major risk behaviors and provide estimated prevalence of these risk
behaviors among young people 28. States and local districts use the YRBS data to assess
and evaluate policies and programs to prevent health risk behaviors among youth 29.
Several studies have demonstrated the consistent reliability of the high school versions of
the YRBS 30-32.

The 3 Day Physical Activity Recall (3DPAR) is a self-reported measurement 33 that was
designed to assess physical activity behavior of adolescents. The 3DPAR includes a list
of 81 items related to physical activity and sedentary behavior for each of the previous 3
days. Each day is divided into 36 blocks of time (30 minutes per block) between 6:00
AM and midnight. Participants record their main activity (from the list of 81 items) and
the intensity (light, moderate, hard and very hard) of that activity during each half hour
block. The 3DPAR has been validated previously against an accelerometer (r=0.27-0.46,
p<0.05) 34,35.

Meal frequency has been recognized for over 20 years to be associated with metabolic
changes in people with T2D 36. The American Diabetes Association (ADA) guidelines on
nutritional therapy in diabetes recognizes nutrition therapy as an essential component of
diabetes treatment, and recommends individualized dietary counseling as part of the
overall treatment plan 37. Previous ADA statement of nutrition principles reported that
increased meal frequency was related with lower mean glucose and insulin levels in T2D
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. While the most recent ADA guidelines on nutrition therapy do not specify the optimal

meal frequency 37. Jenkins et al 36 and Bertelsen et al 39 have compared the effects of 2 or
3 large meals/day with 6 to 13 small meals/day among adults with T2D in 2 days. Both
studies showed that increased meal frequency could increase insulin sensitivity and lower
blood glucose concentration over the day. Similar metabolic advantages, such as
reduction in serum lipids and lipid concentration, have also been observed in healthy
subjects 40-42. However, a relatively longer (4 weeks) study conducted by Arnold et al 43
on the impact of meal frequency on metabolic effects among 13 adults with T2D did not
confirm the potential benefits of increased meal frequency. Another randomized
crossover study (24 weeks) conducted among adults with T2D reported eating two large
meals a day could reduce body weight, hepatic fat content, fasting plasma glucose, Cpeptide and glucagon, and increase oral glucose insulin sensitivity than six meals a day 44.

There were several reasons to study television watching, computer use and meal
frequency in youth with diabetes. 1) A sedentary lifestyle, particularly television
watching and computer use, is common and is associated with numerous negative health
behaviors and outcomes among children, including overweight 12,45-47, irregular sleep 48,
insufficient consumption of fruits and vegetables 49, and eating disorders 50,51; 2) Meal
frequency is particularly important for individuals with diabetes. For instance, although
physical activity is recommended for youth with T1D, prolonged and moderate-vigorous
physical activity can make it more difficult to monitor and regulate blood glucose levels
before, during and after physical activity. Youth can experience unexpected
hypoglycemia after physical activity as the body is replete with glycogen stores in the
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liver 52,53. So, in order to maintain blood glucose levels within the target range due to
physical activity, extra monitoring of blood glucose concentration and a little snack are
needed for every hour of physical activity to prevent hypoglycemia 52,54 which can
increase number of consumed meals. Increased meal frequency can contribute to energy
balance, such as increasing total energy intake that leads to over-weight and obesity
which are risk factors of cardiovascular diseases. Currently, there are no clear guidelines
for optimal meal frequency for youth with diabetes.

1.2 Aims and Research Questions
Aim 1: Evaluate if change of hours of television watching and computer use are
associated with change of HbA1c, LDL, HDL and TG in youth with T1D and T2D over
time.

Research Question 1.1: Is the increase of hours of television watching and computer use
associated with higher HbA1c longitudinally after adjusting for multiple covariates?

Research Question 1.2: Is the increase of hours of television watching and computer use
associated with higher TG and LDL and lower HDL longitudinally after adjusting for
multiple covariates?

Research Question 1.3: Is the association between the change hours of television
watching and computer use and the change of HbA1c and serum lipids stronger among
youth with T2D compared youth with T1D after adjusting for multiple covariates?
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Aim 2: Evaluate the validity of self-reported television watching adapted from the YRBS
compared with 3DPAR in SEARCH_CC cases and controls?

Research Question 2.1: Are data collected on hours of television watching from the selfreported YRBS consistent with the 3DPAR in youth with and without diabetes?

Research Question 2.2: Do data collected on hours of television watching from the selfreported YRBS over or under estimate hours of television watching collected from the
3DPAR in youth with and without diabetes?

Aim 3: Evaluate if meal frequency is associated with HbA1c, LDL, HDL and TG in
youth over time with T1D and T2D.

Research Question 3.1: What is the prevailing meal frequency pattern among youth with
T1D and T2D?

Research Question 3.2: Is decreased meal frequency associated with higher HbA1c
longitudinally after adjusting for multiple covariates among youth with T1D and T2D?

Research Question 3.3: Does the relationship between meal frequency and HbA1c, TG,
LDL and HDL in research question 3.2 vary by diabetes type?

7

1.3 Significance
Sedentary behavior, assessed as television watching and computer use, and meal
frequency have potentially important effects on youth with diabetes but these relations
are understudied in this population. In this dissertation I have studied the longitudinal
relationship between television watching, computer use, and meal frequency on HbA1c
and serum lipids (HDL, LDL and TG) in youth with diabetes using SEARCH for diabetes
in youth data (Aim 1 and 3). The results characterized the relation between these
potentially modifiable factors and markers of complications in children with diabetes.
The information from these analyses will help clinicians providing care for children with
diabetes to provide specific advice, and for researchers to conduct further studies.
Ultimately this will improve the quality of life of youth with diabetes and reduce future
complications.

Another aim of this dissertation related to the validation of self-reported hours of
television watching among youth with diabetes. Television watching measured by
questions adapted from the YRBS survey were compared an alternative method (3DPAR)
which has been validated against an accelerometer. These results will help researchers to
assess television watching in epidemiologic studies.
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CHAPTER 2
LITERATURE REVIEW
2.1 Youth with Diabetes
2.1.1 Type 1 Diabetes in youth
2.1.1.1 Definition, prevalence, incidence and trend
2.1.1.1.1 Definition of T1D
T1D is an autoimmune condition characterized by the progressive destruction of
pancreatic beta cells leading to an absolute deficiency of insulin.

2.1.1.1.2 Prevalence of T1D
T1D prevalence of youth was estimated to be 1.48 per 1,000 in 2001 and 1.93 per 1, 1000
in 2009. Diabetes prevalence differed across major racial and ethnic groups, where white
youth had the highest prevalence of T1D (2.55 per 1,000) and American Indian youth had
the lowest prevalence of T1D (0.35 per 1,000) in 2009 1.

2.1.1.1.3 Incidence of T1D
Based on 2002 and 2010 SEARCH for Diabetes in Youth (SEARCH) data, the incidence
of youth T1D was 10.3 per 100,000 in 2002 and 17.0 per 100,000 in 2010 1. Among
youth aged less than 10 years old, most diabetes cases are type 1 among all race/ethnic
groups. In this age group, non-Hispanic Whites have the highest incidence of T1D.
Among older youth (ages 10-14 and 15-19 years), the highest incidence of T1D is still in
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non-Hispanic White youth, followed by African American and Hispanic, and lowest
among American Indian and Asian/Pacific Islanders 1,2.

2.1.1.1.4 Trend of T1D
The incidence of T1D is increasing in many countries of the world 3-6. Most 7-11, but not
all 2-4,12-20 population-based registries showed an increasing incidence of T1D over time.
The average annual rates of T1D increased 2.8% globally based on data from the
DIAMOND project which examined the trends in incidence of T1D from 1990 to 1999 in
114 populations from 57 countries among 84 million children less than14 years of age 5.
In a similar analysis based on 20 population-based registries in 17 countries in Europe,
the annual increase in T1D rate was 3.2% for the period from 1989 to 1998 21 and 3.9%
(95% CI, 3.6–4.2) from 1989 to 2003 22. The observed incidence rates confirmed, and in
fact exceeded, the incidence predicted for 2010 by earlier projections 4. In the European
study 22, estimates of the increased rates were highest in the youngest age group.

In the US, the SEARCH study estimated that the 2002–2005 incidence of T1D in nonHispanic White youth less than 14 years old is 27.5 per 100,000 per year 23, a rate that
exceeded earlier estimates of T1D in the US 4. By using data from the Colorado IDDM
registry and the SEARCH-Colorado site, the incidence of T1D is shown to increase in
youth less than 17 years of age over the past three decades 12. During a 26-year period,
the incidence of T1D increased by 2.3% per year and is much higher than predicted from
earlier Colorado data 4.
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2.1.1.2 Causes of T1D in youth
The exact cause of T1D is still unknown. What we know is that the immune system
mistakenly destroys the insulin-producing (islet) cells in the pancreas in most people with
T1D. Chronic inflammatory infiltrate has been observed to impact pancreatic islet.
Another possible reason would be that the pancreas losses cells producing insulin and the
rest remaining βcells cannot regenerate enough these insulin-producing cells among
patients with T1D. Also, genetics may play a role in this process, and exposure to certain
viruses may trigger the disease.

2.1.1.3 Clinical symptoms, treatment and management of T1D in youth
2.1.1.3.1 Clinical symptoms
The signs and symptoms of T1D in children usually develop quickly, over a period of
weeks, including increased thirst and frequent urination and weight loss. The condition
may also present as diabetic ketoacidosis, the signs and symptoms of which include
shallow rapid breathing, abdominal tenderness, and loss of consciousness 24.

2.1.1.3.2 Treatment and management
Treatment for T1D is a lifelong commitment of blood sugar monitoring, insulin
administration, healthy eating and regular physical activity, even for children. As youth
grows and changes so will his or her diabetes treatment plan. Over the years, youth may
need different doses or types of insulin, new meal plans or other treatment changes 24.
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Blood sugar monitoring: The frequency of blood sugar monitoring varies depending upon
the different types of insulin therapy used in youth, but it needs to be done at least three
times a day to ensure the level of blood sugar is within target range 24.

Continuous glucose monitoring (CGM): Continuous glucose monitoring is a way to
monitor blood sugar levels, and may be most helpful for people who have developed
hypoglycemia unawareness. Continuous glucose monitoring attaches to the body using a
fine needle just under the skin that checks blood glucose level every few minutes. Since
consider continuous glucose monitoring is not as accurate as standard blood sugar
monitoring, so it's not considered as a replacement method for keeping track of blood
sugar, but is used as an additional tool 24.

Insulin and other medications: Individuals with T1D need lifelong insulin treatment.
Because gastric enzymes interfere with insulin taken by mouth, taking oral insulin isn't an
option for lowering blood sugar 24. Basically, we have four available insulin types as
follows: 1) Rapid-acting insulin, such as insulin lispro (Humalog) and insulin aspart
(NovoLog), start working in five to fifteen minutes and peaks thirty to ninety minutes
later; 2) Short-acting insulin, such as human insulin (Humulin R, Novolin R, others),
starts working thirty to sixty minutes after injection and generally peaks in two to four
hours; 3) Long-acting insulin, such as insulin glargine (Lantus) and insulin detemir
(Levemir), has almost no peak and may provide coverage for as long as twenty to 26
hours; 4) Intermediate-acting insulin, such as NPH insulin (Humulin N, Novolin N),
starts working one to three hours after it's taken and peaks in eight hours.
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Healthy eating: The goal of healthy eating is to prevent youth from hypoglycemia and
maintain blood glucose within an accepted range. Youth should adopt healthy eating
habits to ensure adequate intake of essential vitamins and minerals by eating fruits,
vegetables and whole grains which are high in nutrition and low in fat and calories 25-28.
All these recommendations are based on requirements for all health youth since there is
no research which studies the nutrient requirements for youth with diabetes.

Physical activity: Youth with T1D are encouraged to engage in physical activity. Since
physical activity can reduce blood sugar and continue affecting blood sugar for up to
twelve hours. It is necessary to check the blood sugar before and after physical activity to
prevent hypoglycemia. Also there may be a need to adjust food plans or insulin dose to
compensate for the physical activity 24.

2.1.1.4 Complications of T1D in youth
Long-term complications of T1D develop gradually. Eventually, if blood sugar levels are
not well controlled, diabetes complications may be disabling or even life threatening.
Basically, T1D can have adverse effects on nearly every major organ in children’s body,
including heart disease, nerve damage, kidney damage, eye damage, foot damage, skin
conditions, osteoporosis and brain problems 24.
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2.1.2 Type 2 Diabetes in youth
2.1.2.1 Definition, prevalence, incidence and trend
2.1.2.1.1 Definition of T2D
T2D is usually a consequence of insulin resistance or impaired insulin action leading to
hyperglycemia. In its early stages T2D is characterized by increased insulin production to
compensate for impaired insulin action. With the development of T2D, overproduction of
insulin and chronic hyperglycemia impair beta cell function and reduces insulin
production.

2.1.2.1.2 Prevalence of T2D
T2D prevalence of youth was estimated to be 0.34 per 1,000 in 2001 and 0.46 per 1, 1000
in 2009. Diabetes prevalence differed across major racial and ethnic groups, where
American Indian youth had the highest prevalence of T1D (1.2 per 1,000) and white
youth had the lowest prevalence of T1D (0.17 per 1,000) in 2009 1.

2.1.2.1.3 Incidence of T2D
Based on 2002 and 2010 SEARCH data, the incidence of youth with T2D was 3.3 per
100,00 in 2002 and 5.2 per 100,000 in 2010. The incidence of T2D is the highest among
Hispanics, followed by African Americans, Whites and American Indian, and is low
among Asian Pacific islander1,2.

18

2.1.2.1.4 Trend of T2D
An increasing proportion of youth with apparent T2D has been reported in the last
decade1. One population-based study has reported a significant increased prevalence of
diabetes among youth ages 10 to 19 from 1967 to 1996 derived from the Pima Indians.
Another County-registry data also suggested that the incidence of pediatric diabetes is
increasing. Outside North America, one study reported that the incidence of T2D among
junior high school students increased from 3.2/100,000 per year between 1974-1981 to
13.9 between 1991-95 in Japan. Also, Libya, Bangladesh, Australia and Canada reported
increasing incidence of T2D among youth in their population 29. SEARCH data also
indicated that the prevalence of T2D among children and youth increased from 2001 to
2009 in the United States 1.

2.1.2.2 Causes of T2D in youth
Overweight is the main risk factor for T2D in youth. In the United States, almost one
fourth of children are considered to be overweight which doubles the chance of
developing T2D. Besides overweight, the following factors may also contribute T2D 3033

: family history, ethnicity, intrauterine exposure to maternal diabetes, low birth weight,

pubertal augmentation of growth hormone/IGF secretary dynamics, sedentary lifestyle,
and female gender.

19

2.1.2.3 Clinical symptoms, treatment and management of T2D in youth.
2.1.2.3.1 Clinical presentation/symptoms
The symptoms of T2D in youth develop slowly. Initially, there may be no symptoms.
Eventually, the following symptoms may occur: unexplained weight loss, increased
hunger or thirst, dry mouth, frequent urination, fatigue, blurred vision, heavy breathing,
slow healing of sores or cuts, itchy skin, numbness or tingling in the hands or feet.

2.1.2.3.2 Treatment and management
Metabolic control: Diet and physical activity alone are effective for metabolic control in
less than 10 percent of youths with T2D, and an oral medication or insulin is usually
required to treat T2D. There may be a need for insulin treatment at later stages.

Body weight management: Since body weight has been shown to be associated with
high-sweetened beverage intake 24-27,34, television watching 28,35, and physical activity
28,35

, so controlling for these risk factors would be beneficial for the body weight

management leading to better control of blood sugar levels in diabetes.

2.1.2.4 Complications of T2D in youth
T2D can have an influence on every major organ in youth, including the heart, blood
vessels, nerves, eyes and kidneys. The long-term complications of T2D develop
gradually. But eventually, T2D complications can be: heart disease, nerve damage
(neuropathy), nonalcoholic fatty liver disease, kidney damage (nephropathy), eye
damage, foot damage, skin conditions and brain problems.
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2.2 HbA1c and serum lipids
For years, HbA1c is widely used as the gold standard to assess glycemia and indicates the
average blood glucose levels over a 2 to 3 month period 25. HbA1c is recognized for
several advantages in comparison to fasting plasma glucose level since its higher
repeatability, low cost, free of fasting state and avoiding day to day variability 25.
However, HbA1c can be influenced by genetic, hematologic, and illness-related factors
25,36

.

As a biomarker in the diagnosis and progression of diabetes in youth, HbA1c has been
shown to be decreased by exercise and weight loss 27 and pharmacologic therapy 28 and
increased in response to diets high in fats 29 in patients with diabetes.

Both serum lipids concentration and glycemic control can be considered as biomarkers
for the quality of diabetes control and care. One study reported a positive correlation
between glycemic control and serum lipids concentration in patients with T1D aged 13 to
40 years37, similar results have been reported in another study in patients with T2D 38.
Also, results from SEARCH study have shown positive association between poor
glycemic control and higher concentration of serum lipids in children and youth in all
major ethnic/racial groups in the United States for both T1D and T2D 39.
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2.3 The relationship between television watching and computer use and HbA1c and
serum lipids in youth with diabetes
With the dramatic development of technology, changes in environment and society have
created sedentary lifestyle in the past few decades. In this situation, youth spend more
time engaged in sedentary behavior that does not increase energy expenditure
substantially 35. One of the most common and important sedentary behaviors is television
watching, which has been studied extensively in non-diabetic populations. Most youth in
the United States are growing up in homes with televisions and are spending more time
on watching television than any other activity except sleep; the time spent watching
television may even exceed time spent in school 40-43. Recent estimates indicate that
children 2 to 18 years of age watch at least 2.5 hours of television each day and are
exposed to a total of 6.5 hours of media per day from all sources 44. As a result, this
phenomenon is a major public health concern because watching television has an effect
on obesity, metabolic and cardiovascular disease risk factors 40,41,45-52. The American
Academy of Pediatrics suggests that sedentary behavior, especially time watching
television should be limited to less than 2 hours per day 43.

Studies examining the influence of television watching on childhood overweight
proliferated since 1985 after Dietz and Gortmaker 40 found a positive association between
television watching and obesity among children. Since then, four mechanisms have been
proposed in attempt to explain this association as follows: (1) Television watching
replaces time that would be used for physical activity; (2) Television watching increases
between meal snacking causing greater total daily calorie intake; (3) Television content
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plays a negative influence on children’s food choices and attitudes towards health
lifestyles through priming and/or cultivation 53 and (4) Television watching decreases
one’s metabolic rate (MET) 50,54. However, the relative contribution of each of these
mechanisms to obesity is unknown.

Youth with T1D are particular at higher risk of developing cardiovascular disease than
the general population 55, and long-term glycemic control is a strong predictor for
cardiovascular disease in T1D 56-58. To our knowledge, there are few data specifically
addressing the role of television watching on health outcomes among youth with T1D.
There is a potential inverse effect between physical activity and television watching,
which means, the more time youth spend on physical activity and the less time youth
spend on television watching; the more time television watching and the less time
physical activity. Therefore, television watching is discouraged to improve physical
activity. But the above association is still controversial, and television watching may have
adverse effects on health independent of physical activity. Each day, youth have the same
opportunity to engage in many different activities that can be both active and sedentary.
They can have different hours of television watching but still participate in 1 hour
moderate-vigorous physical activity per day. So it is possible for a child to be both
physically active and more hours of television watching. Furthermore, television
watching is often accompanied with snacking which can increase intake of total energy
and refined, energy dense foods that are associated with over-weight and obesity.
Moreover, youth are likely to be exposed to television advertising for unhealthy foods,
which may trigger further unhealthy food consumption 35,59-62.
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Youth with T2D typically have been noted to be sedentary 63. Based on data from
NHANES III (1988-94), 26% of children watch 4 or more hours of television a day and
67% watch at least 2 hours a day 64,65. Several studies have found a positive association
between the amount of television watching and the prevalence of obesity 50,65,66. Since
obesity is an important risk factor of T2D diabetes in youth, hours of television watching
may have influence on T2D in youth.

2.4 The relationship between meal frequency and HbA1c and serum lipids in youth
with diabetes
Meal frequency has been recognized for over 20 years to be associated with metabolic
changes in people with diabetes 67. The American Diabetes Association (ADA)
guidelines on nutritional therapy in diabetes recognize nutrition therapy as an essential
component of diabetes treatment, and recommend individualized dietary counseling as
part of the overall treatment plan 68. Previous ADA statements of nutrition principles
reported that increased meal frequency was related with lower mean glucose and insulin
levels in T2D 69; however, the most recent ADA guidelines on nutrition therapy do not
specify the optimal meal frequency 68. Considering the potential benefit of impaired
glycemic control and cardiovascular risk profile with increased meal frequency while
holding energy intake constant in people with diabetes, it is surprising that no long-term
effects of meal frequency on lipid profiles has been reported. Jenkins et al 67 and
Bertelsen et al 70 have compared the effects of 2 or 3 large meals/day with 6 to 13 small
meals/day among adults with T2D in 2 days. Both studies showed that increased meal
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frequency could increase insulin sensitivity and lower blood glucose concentration over
the day. Similar metabolic advantages, such as reduction in serum lipids and lipid
concentration, have also been observed in healthy subjects 71-73. However, a relatively
longer (4 weeks) study conducted by Arnold et al 74 on the impact of meal frequency on
metabolic effects among 13 adults with T2D did not confirm the potential benefits of
increased meal frequency. Another randomized crossover study (24 weeks) conducted
among adults with T2D reported eating two large meals a day could reduce body weight,
hepatic fat content, fasting plasma glucose, C-peptide and glucagon, and increase oral
glucose insulin sensitivity than six meals a day 75.

2.5 Validation of self-report television watching data and 3DPAR data
2.5.1. Measurement of self-reported television watching
Since a sedentary lifestyle, particularly television watching, is associated with numerous
negative health behaviors and outcomes among children, including overweight 49,76-78,
irregular sleep 79, insufficient consumption of fruits and vegetables 80, and disordered
eating 81,82, interest in the accurate assessment of sedentary time has increased 83,
however, validated methods to assess sedentary behavior (television watching) are
limited 84. Self-report questionnaires remain the most widely used method to evaluate
behavior in adolescents 85. In contrast to objective measurement like direct observation,
self-report questionnaires provide a low cost and easy to use method for measuring
sedentary behaviors (television watching). One of the limitations of self-reported
behavioral questionnaires is response bias where respondents may intentionally provide
incorrect answers due to pressure 86-88. There is some evidence from studies of adults that
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weight status may affect reporting of sedentary behaviors, with overweight adults
underreporting minutes of sedentary activities compared to normal weight adults 89.
Another limitation is recall bias. Participants may not clearly remember their sedentary
behavior in the past, especially for children and adolescent.

According to Bryant’s 90 systematic review of measurement of television watching in
children and adolescent, many television watching related questions were adapted from
existing tools 51,91-95. The most common used method was to differentiate weekdays from
weekend days 51,76,91-93,96-99, then average weekly hours of television watching was
calculated by weighting the sum of the weekend and weekdays. Some other methods
were performed by Janz and Mahoney 95, who asked participants to recall the previous
day and evening; and Shannon et al., 97 who supplied a 7-Day television watching recall
with 30-min interval.

Although a self-reported questionnaire is the most common used method to assess
television watching, but limited research has focused their validity and reliability, and it
is still unclear whether a self-reported measure is superior to others. Schmitz et al.
compared self-reported weekday television watching adapted from the YRBS with a 7day television viewing log. This study was the first evaluation of reliability and validity
of the YRBS television watching questions with middle school students and reported a
moderate reliability (r = 0.68) and fair validity (r = 0.46) comparing with the 7-day
television watching log, indicating that the YRBS questions are suitable to measure
television watching in middle school students. This study also pointed out that the newly
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developed YRBS questions for weekday and weekend day television watching and
computer use also showed acceptable reliability and validity.

2.5.2. Measurement of 3-Day Physical Activity Recall
The 3-Day Physical Activity Recall (3DPAR) is a self-report instrument, based on the
Previous Day Physical Activity Recall (PDPAR) 100. The recall period was extended in
the 3DPAR to provide more information about habitual patterns of activity than the
original PDPAR 101.

Three validation studies 101-103 indicated moderate validity of 3DPAR. The first
validation study compared the 3DPAR with a 7-day of accelerometer monitoring. They
reported weak to moderate correlations for total (r = 0.46; P < 0.001), moderate-vigorous
(r = 0.27; P < 0.05) and vigorous (r = 0.41; P < 0.001) physical activity respectively 101.
The other two validation studies indicated similar correlations when validated against
accelerometer 102 and pedometer 103. The validation against accelerometer found
correlations of 0.28–0.31 (P < 0.01) for moderate-vigorous physical activity and
correlations of 0.16–0.19 (P > 0.05) for vigorous physical activity. The validation against
pedometer found correlation of 0.32 (P < 0.001) for moderate-vigorous physical activity
and correlation of 0.34 (P < 0.001) for vigorous physical activity.

27

References
1.

2.
3.

4.

5.
6.
7.

8.

9.

10.

11.

12.
13.

14.

15.

Dabelea D, Mayer-Davis EJ, Saydah S, et al. Prevalence of type 1 and type 2
diabetes among children and adolescents from 2001 to 2009. JAMA.
2014;311(17):1778-1786.
Dabelea D, Bell RA, D'Agostino RB, Jr., et al. Incidence of diabetes in youth in
the United States. JAMA. 2007;297(24):2716-2724.
Karvonen M, Viik-Kajander M, Moltchanova E, Libman I, LaPorte R,
Tuomilehto J. Incidence of childhood type 1 diabetes worldwide. Diabetes
Mondiale (DiaMond) Project Group. Diabetes Care. 2000;23(10):1516-1526.
Onkamo P, Vaananen S, Karvonen M, Tuomilehto J. Worldwide increase in
incidence of Type I diabetes--the analysis of the data on published incidence
trends. Diabetologia. 1999;42(12):1395-1403.
Incidence and trends of childhood Type 1 diabetes worldwide 1990-1999. Diabet
Med. 2006;23(8):857-866.
Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet.
2014;383(9911):69-82.
Rewers M, LaPorte RE, Walczak M, Dmochowski K, Bogaczynska E. Apparent
epidemic of insulin-dependent diabetes mellitus in Midwestern Poland. Diabetes.
1987;36(1):106-113.
Nystrom L, Dahlquist G, Rewers M, Wall S. The Swedish childhood diabetes
study. An analysis of the temporal variation in diabetes incidence 1978-1987. Int
J Epidemiol. 1990;19(1):141-146.
Tuomilehto J, Virtala E, Karvonen M, et al. Increase in incidence of insulindependent diabetes mellitus among children in Finland. Int J Epidemiol.
1995;24(5):984-992.
Tuomilehto J, Rewers M, Reunanen A, et al. Increasing trend in type 1 (insulindependent) diabetes mellitus in childhood in Finland. Analysis of age, calendar
time and birth cohort effects during 1965 to 1984. Diabetologia. 1991;34(4):282287.
Dokheel TM. An epidemic of childhood diabetes in the United States? Evidence
from Allegheny County, Pennsylvania. Pittsburgh Diabetes Epidemiology
Research Group. Diabetes Care. 1993;16(12):1606-1611.
Vehik K, Hamman RF, Lezotte D, et al. Increasing incidence of type 1 diabetes in
0- to 17-year-old Colorado youth. Diabetes Care. 2007;30(3):503-509.
Scott RS, Brown LJ, Darlow BA, Forbes LV, Moore MP. Temporal variation in
incidence of IDDM in Canterbury, New Zealand. Diabetes Care. 1992;15(7):895899.
Bruno G, Merletti F, De Salvia A, Lezo A, Arcari R, Pagano G. Comparison of
incidence of insulin-dependent diabetes mellitus in children and young adults in
the Province of Turin, Italy, 1984-91. Piedmont Study Group for Diabetes
Epidemiology. Diabet Med. 1997;14(11):964-969.
Padaiga Z, Tuomilehto J, Karvonen M, et al. Incidence trends in childhood onset
IDDM in four countries around the Baltic sea during 1983-1992. Diabetologia.
1997;40(2):187-192.

28

16.

17.
18.
19.
20.
21.
22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

LaPorte RE, Fishbein HA, Drash AL, et al. The Pittsburgh insulin-dependent
diabetes mellitus (IDDM) registry. The incidence of insulin-dependent diabetes
mellitus in Allegheny County, Pennsylvania (1965-1976). Diabetes.
1981;30(4):279-284.
Kostraba JN, Gay EC, Cai Y, et al. Incidence of insulin-dependent diabetes
mellitus in Colorado. Epidemiology. 1992;3(3):232-238.
Secular trends in incidence of childhood IDDM in 10 countries. Diabetes
Epidemiology Research International Group. Diabetes. 1990;39(7):858-864.
Joner G, Sovik O. Increasing incidence of diabetes mellitus in Norwegian
children 0-14 years of age 1973-1982. Diabetologia. 1989;32(2):79-83.
Green A, Gale EA, Patterson CC. Incidence of childhood-onset insulin-dependent
diabetes mellitus: the EURODIAB ACE Study. Lancet. 1992;339(8798):905-909.
Green A, Patterson CC. Trends in the incidence of childhood-onset diabetes in
Europe 1989-1998. Diabetologia. 2001;44 Suppl 3:B3-8.
Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G. Incidence trends for
childhood type 1 diabetes in Europe during 1989-2003 and predicted new cases
2005-20: a multicentre prospective registration study. Lancet.
2009;373(9680):2027-2033.
Bell RA, Mayer-Davis EJ, Beyer JW, et al. Diabetes in non-Hispanic white youth:
prevalence, incidence, and clinical characteristics: the SEARCH for Diabetes in
Youth Study. Diabetes Care. 2009;32 Suppl 2:S102-111.
Velling Magnussen L, Mumm H, Andersen M, Glintborg D. Hemoglobin A1c as
a tool for the diagnosis of type 2 diabetes in 208 premenopausal women with
polycystic ovary syndrome. Fertil Steril. 2011;96(5):1275-1280.
Diagnosis and classification of diabetes mellitus. Diabetes Care. 2011;34 Suppl
1:S62-69.
Hansen D, Dendale P, Jonkers RA, et al. Continuous low- to moderate-intensity
exercise training is as effective as moderate- to high-intensity exercise training at
lowering blood HbA(1c) in obese type 2 diabetes patients. Diabetologia.
2009;52(9):1789-1797.
Davis WA, Bruce DG, Davis TM. Economic impact of moderate weight loss in
patients with Type 2 diabetes: the Fremantle Diabetes Study. Diabet Med.
2011;28(9):1131-1135.
Best JH, Lavillotti K, DeYoung MB, Garrison LP. The effects of exenatide bid on
metabolic control, medication use and hospitalization in patients with type 2
diabetes mellitus in clinical practice: a systematic review. Diabetes Obes Metab.
2012;14(5):387-398.
Delahanty LM, Nathan DM, Lachin JM, et al. Association of diet with glycated
hemoglobin during intensive treatment of type 1 diabetes in the Diabetes Control
and Complications Trial. Am J Clin Nutr. 2009;89(2):518-524.
Kaufman FR. Type 2 diabetes in children and youth. Rev Endocr Metab Disord.
2003;4(1):33-42.
Sinha R, Fisch G, Teague B, et al. Prevalence of impaired glucose tolerance
among children and adolescents with marked obesity. N Engl J Med.
2002;346(11):802-810.

29

32.
33.

34.

35.
36.
37.

38.

39.

40.
41.

42.

43.
44.
45.

46.

47.

Libman IM, Arslanian SA. Prevention and treatment of type 2 diabetes in youth.
Horm Res. 2007;67(1):22-34.
Kahn SE, Cooper ME, Del Prato S. Pathophysiology and treatment of type 2
diabetes: perspectives on the past, present, and future. Lancet.
2014;383(9922):1068-1083.
Hansen D DP, Jonkers RA, et al. Continuous low- to moderate-intensity exercise
training is as effective as moderateto high-intensity exercise training at lowering
blood HbA(1c) in obese type 2 diabetes patients. . Diabetologia 2009;52:17891797.
Pate RR, O'Neill JR, Lobelo F. The evolving definition of "sedentary". Exerc
Sport Sci Rev. 2008;36(4):173-178.
Selvin E, Brancati FL. A conundrum addressed: the prognostic value of HbA1c.
Nat Rev Endocrinol. 2011;7(1):c1; author reply c2.
Lipid and lipoprotein levels in patients with IDDM diabetes control and
complication. Trial experience. The DCCT Research Group. Diabetes Care.
1992;15(7):886-894.
Emanuele N, Azad N, Abraira C, et al. Effect of intensive glycemic control on
fibrinogen, lipids, and lipoproteins: Veterans Affairs Cooperative Study in Type II
Diabetes Mellitus. Arch Intern Med. 1998;158(22):2485-2490.
Petitti DB, Imperatore G, Palla SL, et al. Serum lipids and glucose control: the
SEARCH for Diabetes in Youth study. Arch Pediatr Adolesc Med.
2007;161(2):159-165.
Dietz WH Jr GS. Do we fatten our children at the television set? Obesity and
television viewing in children and adolescents. . Pediatrics. 1985;75:807-812.
DuRant RH BT, Johnson M, Thompson WO. The relationship among television
watching, physical activity, and body composition of young children. Pediatrics
1994;94:449-455.
Hancox RJ, Milne BJ, Poulton R. Association between child and adolescent
television viewing and adult health: a longitudinal birth cohort study. Lancet.
2004;364(9430):257-262.
American Academy of Pediatrics: Children, adolescents, and television.
Pediatrics. 2001;107(2):423-426.
Endestad T BP, Heim J, Torgersen L, Kaare BH. A Digital Childhood. NOVANorwegian Social Research. 2005.
Kronenberg F, Pereira MA, Schmitz MK, et al. Influence of leisure time physical
activity and television watching on atherosclerosis risk factors in the NHLBI
Family Heart Study. Atherosclerosis. 2000;153(2):433-443.
Jakes RW, Day NE, Khaw KT, et al. Television viewing and low participation in
vigorous recreation are independently associated with obesity and markers of
cardiovascular disease risk: EPIC-Norfolk population-based study. Eur J Clin
Nutr. 2003;57(9):1089-1096.
Robinson TN, Hammer LD, Killen JD, et al. Does television viewing increase
obesity and reduce physical activity? Cross-sectional and longitudinal analyses
among adolescent girls. . Pediatrics 1993;91:273-280.

30

48.

49.

50.

51.

52.
53.

54.
55.

56.

57.

58.

59.
60.
61.
62.

63.

64.

Dunstan DW, Salmon J, Owen N, et al. Associations of TV viewing and physical
activity with the metabolic syndrome in Australian adults. Diabetologia.
2005;48(11):2254-2261.
Marshall SJ BS, Gorely T, Cameron N, Murdey I. Relationships between media
use, body fatness and physical activity in children and youth: A meta-analysis. Int
J Obes Relat Metab Disord. 2004;28:1238-1246.
Gortmaker SL MA, Sobol AM, Peterson K, Colditz GA, et al. Television viewing
as a cause of increasing obesity among children in theUnited States, 1986–1990. .
Arch Pediatr Adolesc Med 1996;150:356-362.
Berkey CS, Rockett HR, Gillman MW, Colditz GA. One-year changes in activity
and in inactivity among 10- to 15-year-old boys and girls: relationship to change
in body mass index. Pediatrics. 2003;111(4 Pt 1):836-843.
Vandewater EA BD, Lee JH Time well spent? Relating television use to
children’s free-time activities. Pediatrics 2006;117:e181–e191.
McCreary DR SS. Television viewing and selfperceived health, weight, and
physical fitness: evidence for the Cultivation Hypothesis. . J Appl Soc Psychol.
1999;29:2342–2361.
Robinson TN. Television viewing and childhood obesity. Pediatr Clin North Am.
2001;48(4):1017-1025.
Dahl-Jorgensen K, Larsen JR, Hanssen KF. Atherosclerosis in childhood and
adolescent type 1 diabetes: early disease, early treatment? Diabetologia.
2005;48(8):1445-1453.
Larsen J, Brekke M, Sandvik L, Arnesen H, Hanssen KF, Dahl-Jorgensen K.
Silent coronary atheromatosis in type 1 diabetic patients and its relation to longterm glycemic control. Diabetes. 2002;51(8):2637-2641.
Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N Engl J Med.
2005;353(25):2643-2653.
Nathan DM, Lachin J, Cleary P, et al. Intensive diabetes therapy and carotid
intima-media thickness in type 1 diabetes mellitus. N Engl J Med.
2003;348(23):2294-2303.
Gore SA, Foster JA, DiLillo VG, Kirk K, Smith West D. Television viewing and
snacking. Eat Behav. 2003;4(4):399-405.
Jeffery RW, French SA. Epidemic obesity in the United States: are fast foods and
television viewing contributing? Am J Public Health. 1998;88(2):277-280.
Matheson DM, Killen JD, Wang Y, Varady A, Robinson TN. Children's food
consumption during television viewing. Am J Clin Nutr. 2004;79(6):1088-1094.
Liang T, Kuhle S, Veugelers PJ. Nutrition and body weights of Canadian children
watching television and eating while watching television. Public Health Nutr.
2009;12(12):2457-2463.
Pinhas-Hamiel O, Standiford D, Hamiel D, Dolan LM, Cohen R, Zeitler PS. The
type 2 family: a setting for development and treatment of adolescent type 2
diabetes mellitus. Arch Pediatr Adolesc Med. 1999;153(10):1063-1067.
Liu L, Hironaka K, Pihoker C. Type 2 diabetes in youth. Curr Probl Pediatr
Adolesc Health Care. 2004;34(7):254-272.

31

65.

66.

67.

68.

69.
70.

71.

72.

73.
74.
75.

76.

77.

78.

79.

Andersen RE, Crespo CJ, Bartlett SJ, Cheskin LJ, Pratt M. Relationship of
physical activity and television watching with body weight and level of fatness
among children: results from the Third National Health and Nutrition
Examination Survey. JAMA. 1998;279(12):938-942.
Crespo CJ, Smit E, Troiano RP, Bartlett SJ, Macera CA, Andersen RE. Television
watching, energy intake, and obesity in US children: results from the third
National Health and Nutrition Examination Survey, 1988-1994. Arch Pediatr
Adolesc Med. 2001;155(3):360-365.
Jenkins DJ, Ocana A, Jenkins AL, et al. Metabolic advantages of spreading the
nutrient load: effects of increased meal frequency in non-insulin-dependent
diabetes. Am J Clin Nutr. 1992;55(2):461-467.
Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recommendations for
the management of adults with diabetes. Diabetes Care. 2014;37 Suppl 1:S120143.
Jenkins DJ, Jenkins AL. Nutrition principles and diabetes. A role for "lente
carbohydrate"? Diabetes Care. 1995;18(11):1491-1498.
Bertelsen J, Christiansen C, Thomsen C, et al. Effect of meal frequency on blood
glucose, insulin, and free fatty acids in NIDDM subjects. Diabetes Care.
1993;16(1):4-7.
Jaaskelainen A, Schwab U, Kolehmainen M, Pirkola J, Jarvelin MR, Laitinen J.
Associations of meal frequency and breakfast with obesity and metabolic
syndrome traits in adolescents of Northern Finland Birth Cohort 1986. Nutr
Metab Cardiovasc Dis. 2013;23(10):1002-1009.
Farshchi HR, Taylor MA, Macdonald IA. Regular meal frequency creates more
appropriate insulin sensitivity and lipid profiles compared with irregular meal
frequency in healthy lean women. Eur J Clin Nutr. 2004;58(7):1071-1077.
Jenkins DJ, Wolever TM, Vuksan V, et al. Nibbling versus gorging: metabolic
advantages of increased meal frequency. N Engl J Med. 1989;321(14):929-934.
Arnold L, Mann JI, Ball MJ. Metabolic effects of alterations in meal frequency in
type 2 diabetes. Diabetes Care. 1997;20(11):1651-1654.
Kahleova H, Belinova L, Malinska H, et al. Eating two larger meals a day
(breakfast and lunch) is more effective than six smaller meals in a reduced-energy
regimen for patients with type 2 diabetes: a randomised crossover study.
Diabetologia. 2014.
Dennison BA, Erb TA, Jenkins PL. Television viewing and television in bedroom
associated with overweight risk among low-income preschool children.
Pediatrics. 2002;109(6):1028-1035.
Lumeng JC, Rahnama S, Appugliese D, Kaciroti N, Bradley RH. Television
exposure and overweight risk in preschoolers. Arch Pediatr Adolesc Med.
2006;160(4):417-422.
Jordan AB R. Children, television viewing and weight status: summary and
recommendations from a CDCsponsored expert panel meeting. Ann Am Acad
Polit Soc Sci. 2008;615(1):119-132.
Thompson DA, Christakis DA. The association between television viewing and
irregular sleep schedules among children less than 3 years of age. Pediatrics.
2005;116(4):851-856.
32

80.

81.
82.

83.
84.
85.
86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

Lowry R, Wechsler H, Galuska DA, Fulton JE, Kann L. Television viewing and
its associations with overweight, sedentary lifestyle, and insufficient consumption
of fruits and vegetables among US high school students: differences by race,
ethnicity, and gender. J Sch Health. 2002;72(10):413-421.
Moriarty CM HK. Television exposure and disordered eating among children: a
longitudinal panel study. J Commun. 2008;58(2):361-381.
Harrison. Television viewing, fat stereotyping, body shape standards, and eating
disorder symptomatology in grade school children. Commun Res. 2000;27(5):617640.
Brown WJ, Bauman AE, Owen N. Stand up, sit down, keep moving: turning
circles in physical activity research? Br J Sports Med. 2009;43(2):86-88.
Sirard JR, Pate RR. Physical activity assessment in children and adolescents.
Sports Med. 2001;31(6):439-454.
Sallis JF, Saelens BE. Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport. 2000;71(2 Suppl):S1-14.
Welk GJ, Corbin CB, Dale D. Measurement issues in the assessment of physical
activity in children. Res Q Exerc Sport. 2000;71(2 Suppl):S59-73.
Adams SA, Matthews CE, Ebbeling CB, et al. The effect of social desirability and
social approval on self-reports of physical activity. Am J Epidemiol.
2005;161(4):389-398.
Jago R, Baranowski T, Baranowski JC, Cullen KW, Thompson DI. Social
desirability is associated with some physical activity, psychosocial variables and
sedentary behavior but not self-reported physical activity among adolescent
males. Health Educ Res. 2007;22(3):438-449.
Buchowski MS, Townsend KM, Chen KY, Acra SA, Sun M. Energy expenditure
determined by self-reported physical activity is related to body fatness. Obes Res.
1999;7(1):23-33.
Bryant MJ, Lucove JC, Evenson KR, Marshall S. Measurement of television
viewing in children and adolescents: a systematic review. Obes Rev.
2007;8(3):197-209.
Saelens BE, Sallis JF, Nader PR, Broyles SL, Berry CC, Taras HL. Home
environmental influences on children's television watching from early to middle
childhood. J Dev Behav Pediatr. 2002;23(3):127-132.
Berkey CS, Rockett HR, Gillman MW, Field AE, Colditz GA. Longitudinal study
of skipping breakfast and weight change in adolescents. Int J Obes Relat Metab
Disord. 2003;27(10):1258-1266.
Berkey CS, Rockett HR, Field AE, et al. Activity, dietary intake, and weight
changes in a longitudinal study of preadolescent and adolescent boys and girls.
Pediatrics. 2000;105(4):E56.
Borzekowski DL, Robinson TN, Killen JD. Does the camera add 10 pounds?
Media use, perceived importance of appearance, and weight concerns among
teenage girls. J Adolesc Health. 2000;26(1):36-41.
Janz KF ML. Maturation, gender, and video game playing are related to physical
activity intensity in adolescents: the muscatine study. Pediatr Exerc Sci
1997;9:353-363.

33

96.
97.
98.

99.

100.
101.
102.

103.

DLG. B, TN. R. Viewing the viewers: ten video cases of children's television
viewing behaviors. J Broadcast Electron Media. 1999;43:506-528.
Shannon B PJ, Brown MJ. . Body fatness, television viewing and calorie-intake of
a sample of Pennsylvania 6th grade children. J Nutr Educ. 1991;23:262-268.
Phillips SM, Bandini LG, Naumova EN, et al. Energy-dense snack food intake in
adolescence: longitudinal relationship to weight and fatness. Obes Res.
2004;12(3):461-472.
Schmitz KH, Harnack L, Fulton JE, et al. Reliability and validity of a brief
questionnaire to assess television viewing and computer use by middle school
children. J Sch Health. 2004;74(9):370-377.
WESTON ATP, RICHARD; PATE, RUSSELL R. Validation of an instrument
for measurement of physical activity in youth. 1996.
Pate RR RR, Dowda M, Trost SG, Sirard J. Validation of a 3-day physical activity
recall instrument in female youth. Pediatr Exerc Sci. 2003;15:257—265.
McMurray RG, Ring KB, Treuth MS, et al. Comparison of two approaches to
structured physical activity surveys for adolescents. Med Sci Sports Exerc.
2004;36(12):2135-2143.
Lee KS, Trost SG. Validity and reliability of the 3-day physical activity recall in
Singaporean adolescents. Res Q Exerc Sport. 2005;76(1):101-106.

34

CHAPTER 3
MANUSCRIPT 1

Longitudinal association between television watching and computer use and risk markers
in diabetes in the SEARCH for Diabetes in Youth Study1

Chao Li, Elizabeth J. Mayer-Davis, Bettina Beech, Tessa Crume, Ralph B. D’Agostino Jr., Dana Dabelea,
, Jill L Kaar, Angela D. Liese, Russell Pate, David J. Pettitt, Craig Taplin, Beatriz Rodrigue, and Anwar T.
Merchant. 2014. Pediatric Diabetes. doi: 10.1111/pedi.12163
1

35

Abstract
Background: The study provides evidence of the longitudinal association between
screen time with hemoglobin A1c and cardiovascular risk markers among youth with
type 1 (T1D) and type 2 diabetes (T2D). Objective: To examine the longitudinal
relationship of screen time with HbA1c and serum lipids among youth with diabetes.
Subjects: Youth with T1D and T2D. Methods: We followed up 1049 youth (≥10 yr. old)
with recently diagnosed T1D and T2D participating in the SEARCH for Diabetes in
Youth Study. Results: Increased television watching on weekdays and during the week
over time was associated with larger increases in HbA1c among youth with T1D and
T2D (p-value<0.05). Among youth with T1D, significant longitudinal associations were
observed between television watching and TG (p-value<0.05) (week days and whole
week), and LDL-c (p-value<0.05) (whole week). For example, for youth who watched 1
hour of television per weekday at the outset and 3 hours per weekday 5 years later, the
longitudinal model predicted greater absolute increases in HbA1c (2.19% for T1D and
2.16% for T2D); whereas for youth who watched television 3 hours per weekday at the
outset and 1 hour per weekday 5 years later, the model predicted lesser absolute increases
in HbA1c (2.08% for T1D and 1.06% for T2D). Conclusions: Youth with T2D who
increased their television watching over time vs those that decreased it had larger
increases in HbA1c over 5 years. Youth with T1D who increased their television
watching over time had increases in LDL-c, TG and to a lesser extent HbA1c.

Key words: Diabetes, youth, hemoglobin A1c, serum lipids, screen time.
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Background
Excessive time spent watching television, playing video games, and using computers is
an emerging public health issue 1. The American Academy of Pediatrics recommends that
television watching among children should be limited to less than 2 hours per day 2. This
is based on cross-sectional and longitudinal studies conducted among children and adults
without diabetes that link increased television watching to adverse health outcomes 3-6.
US children spend more time watching television than any other activity besides sleep,
and time spent watching television may even exceed time spent in school 2, 7-9. Television
watching is the most usual screen time which has been studied comprehensively in the
non-diabetic population 7, 9-14.Recent estimates indicate that children 2 to 18 years of age
watch at least 2.5 hours of television, spend 1.5 hours playing video games and using
computers each day, and are exposed to about 6.5 hours of media per day from all
sources15-17.

Children with T1D or T2D are at increased risk of developing cardiovascular
complications in later life 18, and more television watching in children with T1D has been
associated with poorer glycemic control and more adverse lipid profiles in cross-sectional
studies 19-21. However, to the best of our knowledge, the extent to which television
watching and computer use influence the cardiovascular risk profile of youth with T1D
and T2D has not been evaluated in longitudinal analyses. We therefore studied the
longitudinal relationship between changes in television watching and computer use over
time and changes in HbA1c and serum lipids over 5 years in youth with diabetes using
the SEARCH for diabetes in youth data. These analyses will quantify the extent to which
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television watching and computer use, potentially modifiable factors, impact the
evolution of HbA1c and cardiovascular risk markers in youth with diabetes.

Research design and methods
Study design and population
The SEARCH study is an on-going multicenter, population-based, observational
investigation of non-gestational diabetes among youth < 20 years old. The SEARCH
study clinical centers that contributed data for this analysis are Ohio, Colorado,
Washington, South Carolina, California and Hawaii. The SEARCH study has been
previously described in detail 22 .

This analysis included 1049 multi-ethnic US youth (≥ 10 years old at the initial visit)
with T1D and T2D who participated in the SEARCH for Diabetes in Youth Study and
provided baseline data from 2002 to 2005. These participants were followed-up
prospectively at 1, 2 and 5 years after the initial visit (61% participants had 3 or more
visits). All participants included in these analyses had physician diagnosed diabetes,
documented year of diagnosis, were less than 20 years old on December 31 of the year of
diagnosis, and attended at least one follow-up visit.

Data collection and measurement
Before implementation of data collection, this study was reviewed and approved by each
local institutional review board that had jurisdiction over the local study population. Also,
written informed consent and child assent were obtained at the start of each study visit.
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For both initial and follow-up visits, data collection procedures were performed by
trained and certified staff following standardized protocols 22 . Data collection approaches
included questionnaires, physical examination and laboratory tests.

Exposure:
Television watching and computer use questions were adapted from the Youth Risk
Behavioral Survey (YRBS) questionnaires 23 and were asked at the initial visit and each
follow-up visit. In this questionnaire, there were two items asking about television
watching behavior. They were: “On each week day, about how much time do you usually
spend watching television?” and “On each weekend day, about how much time do you
usually spend watching television?” The two questions about computer use were: “On
each week day, about how much time do you usually spend on the computer for fun,
including playing video or computer games?” and “On each weekend day, about how
much time do you usually spend on the computer for fun, including playing video or
computer games?” The responses to these four questions were categorized as follows:
“None”, “Less than 1 hour”, “1 hour”, “2 hours”, “3 hours”, “4 hours”, and “5 or more
hours”. Weighted television watching and computer use per week were calculated as
follows: weighted television watching per week= (5*weekday television watching/7) +
(2*weekend television watching/7) and weighted computer use per week= (5*weekday
computer use /7) + (2*weekend computer use /7).
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Outcomes from laboratory tests:
Blood samples were drawn at each visit under the condition of metabolic stability defined
by 8 hours of fasting and no episode of diabetic ketoacidosis in the previous month.
Within 24 hours, these blood samples were shipped with dry ice to the central laboratory
in Seattle, WA for the measurement of HbA1c, LDL-c, HDL and TG.

Other covariates:
Demographic information including gender, race/ethnicity, age, highest parental
education, household income, type of insurance and family composition were obtained by
an initial survey at baseline 24.

Physical activity was assessed using a question adapted from the Youth Risk Behavioral
Survey (YRBS) questionnaires 23 and was asked at the initial and each follow-up visit.
Standardized physical examinations were conducted for all participants at each visit that
included height, weight, waist circumference, and blood pressure.

Statistical methods
There were 1049 participants in this analysis with at least 2 visits; 61% had 3 or more
visits. Demographic information is shown as means and standard deviation for
continuous variables and frequencies and percents for categorical variables.
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Television watching and computer use were evaluated separately for weekdays,
weekends, and the whole week. One category increase in television watching and
computer use corresponded to one hour increase in the longitudinal analyses.

Longitudinal mixed models were fit separately for individuals with T1D and T2D to
characterize the relation between changes in television watching and computer use (initial
and time-varying values) and time-varying HbA1c and serum lipids among youth with
diabetes that were included as random effects. Multivariate mixed models tested the
effects of television watching and computer use at the initial visit, and the time-varying
effects of television watching and computer use measured at the 1 year, 2 year and or 5
year follow-up visits. In addition, an interaction term (initial television watching/
computer use* time-varying television watching/ computer use) was added into the
model to determine whether changes in HbA1c and serum lipids (HDL, LDL-c and log
TG) over time varied with changes in television watching and computer use habits over
time as a function of initial television watching and computer use. Duration of diabetes
(number of months since diabetes diagnosis) was included in these models as an indicator
of time for each participant. All models were expanded to include fixed/non-time
varying effects, including gender, age at the initial visit, race/ethnicity, highest parental
education, type of insurance and household income, and time-varying covariates
including BMI- z score, waist circumference, physical activity and treatment for diabetes
and dyslipidemia 25, 26. To evaluate the role of dietary intake we further adjusted all
models for usual intake of total calories measured at baseline. For all models, we further
stratified by intensive use (insulin ≥3 times/day or insulin pump) and non-intensive

41

(insulin < 3 times/day) regimens for youth with T1D, and by insulin treatment and noninsulin treatment for youth with T2D.

Statistical analyses were conducted using SAS (version 9.1, 2003, SAS Institute Inc,
Cary, NC). Mixed models were used to fit statistical models. We used p< 0.05 as
standard of significance.

Results
Characteristics of Study Population:
Participants with T1D consisted of 384 (46.8%) females and 437 (53.2%) males with a
mean age of 13.6±2.4 years at the initial visit, and included 617 (75.1%) Non-Hispanic
Whites, 81(9.9%) African Americans, 90 (11.0%) Hispanics, and 33 (4.0%) individuals
belonging to other race/ ethnic groups. Participants with T2D consisted of 139 (61.0%)
females and 89 (39.0%) males with a mean age of 15.1±2.5 years at the initial visit, and
included 49 (21.5%) Non-Hispanic Whites, 82 (36.0%) African Americans, 52 (22.8%)
Hispanics, and 45 (19.7%) individuals belonging to other race/ ethnic groups (Table 1).

Youth with both T1D and T2D (2002-2005) tended to watch more television during
weekends than weekdays (T1D: 29% vs.15% watched more than 4 hours of television per
day; T2D: 42% vs. 30% watched more than 4 hours of television per day). Computer use
during weekends and weekdays was low among youth with T1D and T2D during the
study period (Figures 1 and 2).
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Longitudinal Mixed Models:
Increased television watching on weekdays, and during the entire week (weighted whole
week as described in methods), was positively associated with changes in HbA1c among
youth with T1D and T2D after adjusting for age at the initial visit, gender, race, physical
activity, computer use on weekdays, parental education, household income, insurance
type, BMI z-score, family composition, and treatment for diabetes and dyslipidemia.
Similar significant longitudinal associations were observed between weekday television
watching and changes in log TG levels, weighted whole week television watching and
changes in LDL-c levels among youth with T1D, and weekend television watching and
changes in HbA1c levels among youth with T2D (p-values for interaction between the
initial and time-varying visits <0.01) (Tables 2 and 3). The relationship between
television watching and HbA1c was similar among youth with T1D when stratifying by
intensive versus non-intensive treatment, and among youth with T2D stratified by insulin
versus no insulin treatment. We did not find significant associations between changes in
television watching and changes in HDL-c among youth with T1D or T2D, or log TG and
LDL-c among youth with T2D. Computer use was not associated with any of the
outcomes in this analysis. Further adjustment for total usual caloric intake did not
materially alter the results.

Predicted Models
The data presented in Table 4 are statistically significant results from multivariable mixed
models described in Tables 2 and 3. Table 4 illustrates the predicted time varying
changes at selected time points in HbA1c among youth with T1D and T2D, LDL-c and
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TG among youth with T1D from the initial visit (n=1049) to 5 years (n=575) of followup. Predicted mean values of outcomes were estimated for 1 hour/day and 3 hours/day of
television watching at the initial and 5 year follow-up visits respectively.

HbA1c increased on average from the initial visit to the 5 year follow-up visit among
youth with both T1D and T2D (Table 4). However, the magnitude of HbA1c increase
was smaller in those who decreased television watching over time and larger in those
who increased it. For example, the HbA1c value for youth who watched television on
weekdays for 3 hours/d at the initial visit and 1 hour/d at the 5 year follow-up visit rose
less than for those who watched television on weekdays for 1 hour/d at the initial visit
and 3 hour/d the 5 years follow-up visit were (T1D: 2.08% vs. 2.19%; T2D: 1.06% vs.
2.16%) (Table 4).

LDL-c and TG levels also increased on average from the initial visit to the 5 year followup visit among youth with T1D (Table 4). LDL-c and TG increased less in who decreased
television watching over time and more in those who increased it. For example, LDL-c
and TG increased less among youth who watched television for 3 hours/d at the initial
visit and 1 hour/d at the 5 year follow-up visit and more among those who watched
television for 1 hour/d at the initial visit and 3 hour/d the 5 years follow-up visit (LDL-cweighted whole week television watching: 6.27 mg/dl vs. 9.32 mg/dl; TG-weekdays
television watching: 8.43 mg/dl vs. 13.47 mg/dl) (Table 4).
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Discussion
In this study HbA1c, LDL-c and TG levels increased over time in all youth with T1D and
T2D. However, the magnitude of increase was significantly greater among those who
watched more television and increased their television watching behavior over time,
compared to those who watched less TV, after adjusting for several important
confounders. Computer use was not associated with HbA1c and serum lipids in this
analysis.

Our results are consistent with previous cross-sectional studies evaluating the relationship
between television watching and HbA1c in youth with T1D19-21. Margeirsdottir et al. 19
reported in a cross-sectional study in Norway that among 538 children and adolescents
with T1D aged approximately 13 years on average, HbA1c was 9.4% for those who
watched television for ≥4 hours/d versus 8.2% for those who watched television for <1
hour/d. Michaliszyn and Faulkner reported that US youth with T1D aged 14.5 years on
average 21 spent about 10 hours per day in sedentary activities and more sedentary time
was correlated with increased total cholesterol, LDL-c and TG (p<0.05). In another study
among 2093 youth with T1D with mean age of 14.5 years from 19 countries, Aman et
al.20 indicated that HbA1c was not correlated with total hours of television watching in a
week (r=0.04, P>0.1). However, these were descriptive cross-sectional studies and were
unable to demonstrate the long-term impact of television watching on glycemic control
and cardiovascular markers among youth with T1D.
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The influence of sedentary behavior on health is a public health concern 27. Youth on
average watch at least 2.5 hours of television, 1.5 hours of video games playing and
computer use each day and are exposed to about 6.5 hours of media per day from all
sources15-17. Research studies commonly use screen-based media use, including television
watching, video game playing, and computer use, to measure the sedentary behavior,
although we know these behaviors are not completely representative.

Several mechanisms might explain the positive longitudinal association between
television watching and changes in HbA1c, LDL-c and TG. First, television watching
may replace time that would be used for physical activity that can improve insulin
sensitivity 2 and increase energy expenditure leading to lower HbA1c and improved lipid
profile. However, some other studies report poor correlation between television watching
and physical activity 12,14, 28. Second, television watching is associated with snacking and
sweetened beverage consumption causing increased total calorie intake 29-31. Television
contents, including advertisements for fast food and sweetened beverages, can negatively
influence youth’s food choices causing unhealthy dietary behavior32-36. Third, a recent
study evaluating 2003/2004 and 2005/2006 NHANES data found a positive association
between time spent in sedentary behavior and insulin resistance among youth with
diabetes37, 38. In addition, television watching is a lower energy expenditure behavior
compared with other sedentary activities like writing and driving 12.Thus, it has been
hypothesized that increased television watching may lead to less physical activity,
reduced energy expenditure, increased food and energy intake, and increased insulin
resistance. However, in our study, adjustment for physical activity and total calories did
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not attenuate the associations in this study, possibly due to measurement error in
assessing these variables.

A minimum of 2 hours per week of physical activity on average can significantly increase
HDL-c levels among individuals without diabetes 39. However, change in sedentary time
measured by accelerometer was not associated with HDL-c in a longitudinal analysis of
adults with T2D 37, similar to what we observed. The reasons for this are not clear.
Moreover, in our analyses, sedentary time was measured using a questionnaire which
would lead to attenuation of any associations due to measurement error. There were no
reports, to the best of our knowledge, of a longitudinal relationship between sedentary
behavior and T1D.

This study had several potential limitations. First, the exposure variable, television
watching, was assessed through self-report questionnaire. However, because participants
did not know their HbA1c or serum lipid values when television watching was assessed,
it is unlikely that the outcome contributed to error related to assessment of television
watching. Therefore, measurement error associated with assessment of television
watching in this study would bias the result towards the null. Second, the estimated
changes in HbA1c (particularly for T1D), LDL-c and TG over time attributed to
television watching were small. Television watching was collected in 7 categories to
make it easier for respondents to estimate, but this strategy resulted in the television
watching categories to be more homogeneous. Moreover, more than half the youth
watched 2 or more hours of television on weekdays and more than two thirds did so on
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weekends. The lower estimated changes in HbA1c , LDL-c and TG attributed to change
in television watching in our study may be due to the smaller contrast between the
comparison groups (1 and 3 hours of television watching) resulting from the
homogeneous estimates of television watching categories and the large proportion of
individuals watching more television. However, the results were statistically significant
and therefore provide evidence supporting the hypothesis that reducing television
watching favorably impacts changes in metabolic markers over several years in youth
with T1D and T2D. The magnitude of change in HbA1c was small for T1D, but
relatively stronger for lipids in youth with T1D vs those with T2D and for HbA1c in
youth with T2D vs those with T1D. Moreover, as small reductions in HbA1c contribute
to large declines in diabetes related complications40, including the recommendation to
reduce television watching on top of other advice on self-care may provide additive
benefits to youth with diabetes. Our data suggest that most youth with diabetes do not
make large changes in their television watching practices. In our study, only
approximately 10% of the youth who completed the 5-year follow-up visit reported
reducing their televisions watching practices by 2 hours. Third, baseline data were
collected between 2002 and 2005 and then followed up for 5 years when television
watching was the main contributor to screen time and sedentary behavior 2, 7-9. Even
though computer time was not related to the outcomes in our analyses, time spent using
smart phones, tablets and other such devices may increasingly contribute to sedentary
behavior today, data not captured herein. Another limitation was the potential for residual
confounding because of the observational study design. However, we adjusted for many
potential confounders including age, gender, race, physical activity, computer use on
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weekdays parental education, household income, insurance type, BMI z-score, family
composition, and treatment for diabetes, and dyslipidemia. The associations reported in
this paper were independent of these potential confounders.

This study had several strengths. The sample for this analysis was drawn from the
SEARCH for Diabetes in Youth study population, which is the largest prospective
investigation among youth with T1D and T2D, and includes all major US ethnic groups.
The longitudinal study design, including 5 years of follow-up, and the ability to adjust for
many important potential confounders were also important strengths of this study. Also,
we can evaluate the comprehensive longitudinal effect of television watching and
computer use on HbA1c and serum lipids since we had the chance to measure television
watching and computer use on both weekdays and weekends.

In conclusion, HbA1c, LDL-c and TG increased in all youth with T1D and T2D over 5
years. Youth with T2D who increased their television watching time had larger increases
in HbA1c over 5 years. Youth with T1D who increased their television watching time
had larger increases in LDL-c, TG and to a lesser extent HbA1c. Television watching
may contribute to poor glycemic control and dyslipidemia in youth with diabetes and can
be a potentially modifiable behavior to improve health outcomes in youth with diabetes.
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Table 3.1. Demographic and clinical characteristics of participants at the initial visit: SEARCH for
Diabetes in Youth, 2002-2005
T1D (n=821)

T2D (n=228)

Female

384 (46.8)

139 (61.0)

Male

437 (53.2)

89 (39.0)

Non-Hispanic White

Demographics
Gender: n (%)
Race: n (%)

617 (75.1)

49 (21.5)

African American

81 (9.9)

82 (36.0)

Hispanic

90 (11.0)

52 (22.8)

Others
Age: mean± SD
Parental highest education: n
(%)

a

Bachelor degree or more
Some college with associate
degree
High school
Less than high school

Annual household income: n
(%)

<$25,000

33 (4.0)

45 (19.7)

13.6±2.4

15.1±2.5

383 (46.9)

36 (16.0)

279 (34.2)

80 (35.4)

122 (14.9)

76 (33.6)

33 (4.0)

34 (15.0)

106 (13.0)

95 (41.6)

$25,000-49,000

160 (19.6)

58 (25.4)

$50,000-74,000

172 (21.1)

25 (11.0)

≥75,000

327 (40.0)

20 (8.8)

DK/Ref

51 (6.3)

30 (13.2)

Medicaid/Medicare

128 (15.7)

90 (39.7)

Private

660 (81.1)

119 (52.4)

Other

9 (1.1)

10 (4.4)

None

17 (2.1)

8 (3.5)

Physical activity (days/week)
Weekday television watching:
hours
Weekend television watching:
hours
Weighted television watching:
hours

2.9±2.3

2.9±2.4

2.0±1.3

2.6±1.5

2.6±1.5

3.0±1.7

2.2±1.3

2.7±1.4

Weekday computer use: hours

1.3±1.1

1.2±1.3

Weekend computer use: hours

1.5±1.4

1.3±1.5

Weighted computer use: hours

1.3±1.1

1.2±1.3

<8%

505 (63.5)

171 (77.7)

8-9.5%

208 (26.1)

22 (10.0)

≥9.5%

83 (10.4)

27 (12.3)

0.6±0.9

2.1±0.6

1869.8±842.1

1761.5±850.5

Insurance: n (%)

Television watching, computer use and physical activity

Clinical characteristics
HbA1c: n (%)

BMI z-score: mean ± SD
Caloric intake (cal): mean ±SD
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Diabetes treatment: n (%)

Insulin pump

71 (8.7)

0 (0.0)

Insulin 3+ times per day

428 (52.4)

25 (11.0)

Insulin <3 times per day

305 (37.3)

50 (22.0)

No treatment or Oral meds only
HDL: n (%)
LDL: n (%)
TG: n (%)

13 (1.6)

152 (67.0)

Normal HDL (> 40 mg/dl)

648 (78.9)

100 (43.9)

Low HDL (≤ 40 mg/dl)

173 (21.1)

128 (56.1)

Normal LDL (<100 mg/dl)

546 (66.5)

125 (54.8)

High LDL (≥ 100 mg/dl)

275 (33.5)

103 (45.2)

Normal TG (< 110 mg/dl)

735 (89.5)
123 (53.9)
High TG (≥ 110 mg/dl)
86 (10.5)
105 (46.1)
a:Other races: Asian Indian, American Indian or Alaska Native, Native Hawaiian, and Asian etc.
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Table 3.2. Adjustedc longitudinal associationsb of changes in means of HbA1c and serum lipids among youth with T1D: SEARCH for Diabetes in
Youth
HbA1c
HDL
LDL
Log TG d
(%)
(mg/dl)
(mg/dl)
(mg/dl)
Diabetes duration (β1)
Weekday television watching

0.034 a

0.13 a

0.11 a

0.003 a

Baseline (β2)

0.20a

0.11

1.73

0.023

Time-varying (β3)

0.15a

-0.36

1.31

0.046a

Baseline*time-varying (β4)

-0.06a

0.05

-0.49

-0.013a

0.034 a

0.13 a

0.11 a

0.003 a

Baseline (β2)

0.12

-0.11

1.01

-0.013

Time-varying (β3)

0.02

-0.16

1.18

-0.0071

Baseline*time-varying (β4)

-0.03

0.1

-0.33

0.001

0.034 a

0.13 a

0.11 a

0.003 a

Baseline (β2)

0.23a

0.13

2.21a

0.014

Time-varying (β3)

0.16a

-0.17

2.09a

0.040 a

Baseline*time-varying (β4)

-0.07a

0.03

-0.66a

-0.01

0.035 a

0.13 a

0.12 a

0.003 a

Baseline (β2)

0.11

-0.01

1.09

0.017

Time-varying (β3)

0.13

-0.5

0.09

0.022

Baseline*time-varying (β4)

-0.03

0.13

-0.31

-0.008

0.035 a

0.13 a

0.12 a

0.003 a

Baseline (β2)

0.04

0.07

0.97

0.0011

Time-varying (β3)

-0.02

-0.46

-0.46

0.0012

Diabetes duration (β1)
Weekend television watching
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Diabetes duration (β1)
Weighted television watching per
week

Diabetes duration (β1)
Weekday computer use

Diabetes duration (β1)
Weekend computer use

Baseline*time-varying (β4)

0.01

0.08

-0.16

-0.0044

0.035 a

0.13 a

0.12 a

0.003 a

Baseline (β2)

0.07

-0.04

1.5

0.011

Time-varying (β3)

0.05

-0.42

-0.24

0.016

Diabetes duration (β1)
Weighted computer use per week

Baseline*time-varying (β4)
-0.01
0.11
-0.29
-0.005
a: p<0.05; b: Outcome = β0 + β1(duration) + β2(initial exposure) + β3(time-varying exposure) + β4(initial exposure × time-varying exposure) + β5(
other covariates) + ε ; c: Adjusted variables: Age at the initial visit, gender, race, parental education, household income, family composition,
insurance type, physical activity, and treatment for diabetes and dyslipidemia; d: Coefficients are unchanged since log-transformation means that
unit conversion is captured in the intercept term.
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Table 3.3. Adjustedc longitudinal associationsb of changes in means of HbA1c and serum lipids among youth with T2D: SEARCH for Diabetes in
Youth
HbA1C (%)

HDL (mg/dl)

LDL (mg/dl)

Log TG d(mg/dl)

0.019 a

0.078 a

0.056

-0.001

Baseline (β2)

0.43a

-0.43

0.99

0.075 a

Time-varying (β3)
Baseline*time-varying
(β4)

0.53a

-1.01

2.35

0.064 a

-0.13a

0.29

-0.18

-0.016

Diabetes duration (β1)

0.021 a

0.066 a

0.038

-0.001

Baseline (β2)

0.44

a

-0.01

0.09

0.056

Time-varying (β3)
Baseline*time-varying
(β4)

0.38a

-0.19

2.91

0.015

-0.11a

-0.01

-0.43

-0.005

Diabetes duration (β1)

0.019 a

0.074 a

0.065

-0.001

Baseline (β2)

0.52a

-0.32

-0.42

0.078 a

Time-varying (β3)
Baseline*time-varying
(β4)

0.62a

-1.38

1.37

0.046

-0.15a

0.3

0.18

-0.013

Diabetes duration (β1)

0.025 a

0.067 a

0.038

-0.001

Baseline (β2)

0.45

0.73

2.88

0.033

Time-varying (β3)
Baseline*time-varying
(β4)

0.08

-0.13

0.87

0.045

-0.08

-0.07

-0.4

-0.022

Diabetes duration (β1)

0.027 a

0.064a

0.042

-0.0003

0.17

0.17

1.49

0.008

Diabetes duration (β1)
Weekday television watching

Weekend television watching
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Weighted television watching per
week

Weekday computer use

Weekend computer use

Baseline (β2)

Weighted computer use per week

Time-varying (β3)
Baseline*time-varying
(β4)

0.01

0.14

1.07

-0.005

0.02

0.01

-0.08

0.0003

Diabetes duration (β1)

0.026 a

0.065a

0.037

-0.001

Baseline (β2)

0.4

0.13

2.24

0.052

Time-varying (β3)
Baseline*time-varying
(β4)

0.03

0.03

0.96

0.031

-0.04

0.01

-0.16

-0.019

a: p<0.05; b: Outcome = β0 + β1(duration) + β2(initial exposure) + β3(time-varying exposure) + β4(initial exposure × time-varying exposure) + β5(
other covariates) + ε ; c: Adjusted variables: Age at the initial visit, gender, race, parental education, household income, family composition,
insurance type, physical activity, and treatment for diabetes and dyslipidemia; d: Coefficients are unchanged since log-transformation means that
unit conversion is captured in the intercept term..
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Table 3.4. Estimateda,b HbA1c , LDL and TG resulting from change in television watching and
computer use after a 5 year interval: SEARCH for Diabetes in Youth,2002-2005
1 hour to 3 hours

3 hours to 1 hour

HbA1c (%)-Initial visit

8.23

8.45

HbA1c (%)-5 year follow-up visit

10.42

10.53

Change

2.19

2.08

TG (mg/dl)-Initial visit

53.30

55.33

TG (mg/dl)-5 year follow-up visit

66.77

63.76

Change

13.47

8.43

HbA1c (%)-Initial visit

8.15

8.41

HbA1c (%)-5 year follow-up visit

10.35

10.5

Change

2.20

2.09

LDL (mg/dl)-Initial visit

89.54

92.84

LDL (mg/dl)-5 year follow-up visit

98.86

99.11

Change

9.32

6.27

Weekday
television
watching

HbA1c (%)-Initial visit

7.55

8.45

HbA1c (%)-5 year follow-up visit

9.71

9.51

Change

2.16

1.06

Weekend
television
watching

HbA1c (%)-Initial visit

7.57

8.33

HbA1c (%)-5 year follow-up visit

9.38

9.5

Change

1.81

1.17

Weekday
television
watching

T1D

Weighted
television
watching per
week

T2D

Weighted
HbA1c (%)-Initial visit
7.25
8.36
television
HbA1c
(%)-5
year
follow-up
visit
9.55
9.36
watching per
week
Change
2.30
1.00
a: Estimates were generated from the followed mixed model: Outcome = β 0 + β1(duration) + β2(initial
exposure) + β3(time-varying exposure) + β4(initial exposure × time-varying exposure) + β5( other
covariates) + ε; b: Reference of adjusted covariates in mixed models: age at initial visit=10 years old,
gender=male, race=Non-Hispanic White, physical activity=0 day, higher parental education=less than
high school, income= less than $25k per year, insurance=none, family composition= both parents, BMI
z-score=0, diabetes treatment=insulin pump, and lipids treatment=none; c: only presented significant
results from mixed models in table 3.2 and table 3.3.
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Figure 3. 1 Frequency of television watching and computer use among youth with T1D at
the initial visit: SEARCH for Diabetes in Youth, 2002-2005
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Figure 3. 2 Frequency of television watching and computer use among youth with T2D
at the initial visit: SEARCH for Diabetes in Youth, 2002-2005
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CHAPTER 4
MANUSCRIPT 2

Validity of a questionnaire to assess television watching in youth with and without
diabetes: The SEARCH Case-Control Study1

Chao Li, Elizabeth J. Mayer-Davis, Ralph B. D’Agostino Jr., Dana Dabelea, Angela D. Liese, Russell
Pate, Ronny A. Bell, and Anwar T. Merchant. To be submitted to Journal of Physical Activity & Health.
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Abstract
Background: Sedentary behavior is an important contributor to future complications
among youth with diabetes. However, there are few validated methods to assess
sedentary behavior among youth with diabetes. This study evaluated the validity of
television watching assessed by Youth Risk Behavior Survey questions (YRBS) against a
3 Day Physical Activity Recall (3DPAR) among youth with and without diabetes.

Methods: A sample of 578 youth with type 1 diabetes (T1D), 119 youth with type 2
diabetes (T2D) and 220 youth without diabetes participated in the SEARCH for Diabetes
in Youth-Case Control study. Weekday and weekend television watching were assessed
by the YRBS questions and three days of self-reported number of half-hour time blocks
designated of television derived from the 3DPAR. Television watching was compared
between the two instruments.

Results: The overall correlations between hours of television watching from the YRBS
and number of half hour television watching blocks from the 3DPAR were 0.30 (p<0.05)
and 0.45 (p<0.05) among youth with T1D and T2D respectively, and 0.41 (p<0.05)
among youth without diabetes. The correlations tended to be higher in females (T1D:
r=0.31; T2D: r=0.51; Control: r=0.54) than in males (T1D: r=0.30; T2D: r=0.37; Control:
r=0.25). Also, the correlations were higher in older participants (T1D: r=0.43; T2D:
r=0.52; Control: r=0.50) than in younger participants (T1D: r=0.19; T2D: r=0.32;
Control: r=0.31). Also, the correlations were higher in normal weight T1D participants
(r=0.35) and overweight T2D participants (r=0.46) compared to over-weight T1D
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participants (r=0.18) and normal weight T2D participants (r=0.22). When stratified by
race/ethnicity, African Americans and Hispanics with T2D tended to have higher Pearson
correlations (African Americans: r=0.50; Hispanics: r=0.55) than non-Hispanic Whites
(r=0.31). The YRBS questions tended to overestimate (by 0.23, 0.54 and 0.40 for youth
with T1D, T2D and without diabetes respectively) television watching compared with
3DPAR after adjusting for age, gender, and race/ethnicity.

Conclusions: Television watching measured by YRBS questions showed weak to
moderate correlation with television watching measured by 3DPAR among youth with
diabetes. The correlation was stronger among youth who were older, female, overweight,
African American and Hispanic. Using YRBS questions may be a viable option to
measure television watching in youth with diabetes, particularly in large epidemiologic
studies when alternative assessment methods are either too costly or complex making
them not feasible.
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Background
Television watching is a sedentary behavior that is associated with adolescent obesity 1
and higher levels of diabetes risk factors in overweight youth 2,3 based on few crosssectional and longitudinal studies conducted among children and adults without diabetes
4-7

. However, the influence of television watching on youth with diabetes remains

understudied. Only few cross-sectional studies reported associations between more
television watching and poorer glycemic control and more adverse lipid profiles among
youth with type 1 diabetes (T1D) 8-10. A possible reason for this situation could be the
lack of a reliable method to measure television watching. Self-reported questionnaires
have been widely developed to measure behaviors in youth 11 because questionnaires are
inexpensive, easy to administer, and feasible for large studies. However, responses from
self-reported questionnaires are prone to bias and measurement error 12,13.

The Youth Risk Behavior Survey (YRBS) is an ongoing CDC surveillance program
developed in 1989 to monitor health behaviors among US youth. In this survey,
television watching is determined by the following question: “On an average school day,
how many hours do you watch television?” This YRBS question has been validated by
Schmitz et al. 14 among middle school students and the results indicated that it had
adequate reliability and validity. However, its validity has not been assessed among youth
with diabetes.

The purpose of this study was to evaluate the validity of television watching assessed by
the YRBS questions against a 3 Day Physical Activity Recall (3DPAR). The 3DPAR is a
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self-reported instrument that assesses the frequency and intensity of physical activity and
sedentary behaviors during the previous 3 sequential days and has been validated in
female youth 15. To our knowledge, this is the first study to evaluate television watching
assessed by the YRBS questions against a validated survey among youth with type 1
(T1D) and type 2 diabetes (T2D).

Research design and methods
All data for this study were derived from the SEARCH Case-Control (SEARCH-CC)
study. The SEARCH-CC is an ancillary study to the SEARCH for Diabetes in Youth
(SEARCH) study, which is an ongoing multicenter cohort study that conducts population
based ascertainment of youth aged <20 years diagnosed with diabetes. A detailed
description of SEARCH study methods has been published previously 16. The SEARCHCC study was designed to study and evaluate selected risk factors for childhood diabetes,
and conducted at two the SEARCH clinical sites, South Carolina and Colorado 17,18.

SEARCH-CC case and control inclusion
Diabetes cases were identified through a variety of methods and the diagnosis and type of
diabetes was confirmed by a health care provider. Between July 2003 and March 2006,
SEARCH cases aged ≥10 years who participated in the SEARCH study baseline visit
were invited to participate in the SEARCH-CC study in the South Carolina and Colorado
centers. Detailed information about sampling and recruitment for SEARCH-CC has been
published 19,20.
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Youth without diabetes were selected from health care provider offices in the same
geographic areas as cases. We over-sampled youth without diabetes based upon the
distribution of age, gender and race/ethnicity characteristics of cases. Overall, 49%
(n=220) of invited youth without diabetes participated in SEARCH-CC. Control youth
with fasting glucose values indicative of diabetes at the time of the SEARCH-CC visit
were excluded from the analysis.

Before implementation of data collection, the study protocol was reviewed and approved
by each local institutional review board that had jurisdiction over the local study
population. Written informed consent and child assent were obtained at the start of the
study visits.

The analyses in this report included all SEARCH-CC cases and controls, who responded
to several questions on physical activity and sedentary behaviors based on the YRBS
questionnaire as part of the standardized SEARCH study protocol and completed the
3PDAR as part of the SEARCH-CC protocol. Both the YRBS questionnaire and 3DPAR
measured physical activity and sedentary behavior in the same week.

Data collection and measurements
3-Day Physical Activity Recall data
The 3DPAR is a self-report measurement that was designed to assess physical activity
behavior of adolescents 21. The 3DPAR includes a list of 81 items related to physical
activity and sedentary behavior for each of the previous 3 days. Each day is divided into
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36 blocks of time (30 minutes per block) between 6:00 AM and midnight. Participants
record their main activity (from the list of 81 items) and the intensity (light, moderate,
hard and very hard) of that activity during each half hour block. The 3DPAR has been
validated previously 22,23. From the 3DPAR data, we calculated the number of half hour
blocks designated as television watching. This information from the 3DPAR was used as
the standard against which to validate television watching reported as on the YRBS.

Youth Risk Behavior Survey data
Two questions regarding television watching were adapted from the YRBS questions 24.
They were: “On each week day, about how much time do you usually spend watching
television?” and “On each weekend day, about how much time do you usually spend
watching television?” The responses to these two questions were categorized as follows:
“None”, “Less than 1 hour”, “1 hour”, “2 hours”, “3 hours”, “4 hours”, and “5 or more
hours”. Weighted hours of television watching per week were calculated as follows:
weighted television watching per week= (5*weekday television watching/7) +
(2*weekend television watching/7).

Demographic information (age, gender, and race/ethnicity) were collected from selfreported questionnaires administrated by trained and certified study staff at the
SEARCH-CC visit.
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Statistical Analysis
Statistical analyses were performed by using SAS (version 9.1, 2003, SAS Institute Inc,
Cary, NC). Significant level was set at p<0.05. Pearson correlation was used to measure
the relationship between data from the YRBS questions and the 3DPAR. We used
Dancey and Reidy’s categorization 25 to define strength of Pearson correlations (r=0:
zero; r=0.10-0.39: weak; r=0.40-0.69: moderate; r=0.70-0.99: strong; r=1: perfect).
Kappa statistics and percent of agreement were calculated to evaluate the agreement of
dichotomized television watching determined by median from both the YRBS and
3DPAR. In order to evaluate the extent to which the YRBS questionnaire over or under
estimated television watching measured by 3DPAR, linear regression was performed
with 3DPAR television watching as the outcome and YRBS television watching as the
independent variable adjusted for age, gender and race/ethnicity. The coefficient for
television watching measured by YRBS would be zero if there was no over or under
estimation, positive if there was overestimation, and negative if there was
underestimation. Television watching measured by both YRBS and 3DPAR were codes
as half hour of television watching.

Results
The study sample was composed of 578 youth with T1D, 119 with T2D, and 220 without
diabetes, with mean ages (SD) of youth by diabetes type were 14.6 (SD=3.4), 15.9
(SD=2.8) and 14.5 (SD=2.9) respectively (Table 4.1). There were 286 (49.5%) females
and 292 (50.5%) males who had T1D, 83 (69.8%) females and 36 (30.2%) males who
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had T2D, 133 (60.5%) females and 87 (39.5%) males who were free of diabetes. Youth
with T1D were more likely to have normal weight (68.4%) and youth with T2D tended to
be overweight (89.1%). Most participants with T1D (79.4%) and without diabetes
(53.9%) were non-Hispanic White, and participants with T2D were primarily African
American (56.3%).

All correlations, percent agreement and Kappa between the YRBS questions and 3DPAR
are presented in Table 4.2. The overall correlations between hours of television watching
from the YRBS and number of half hour television watching blocks from the 3DPAR
were 0.30 (p<0.05) and 0.45 (p<0.05) among youth with T1D and T2D respectively, and
0.41 (p<0.05) among youth without diabetes. The correlations tended to be higher in
females (T1D: r=0.31; T2D: r=0.51; youth without diabetes: r=0.54) than in males (T1D:
r=0.30; T2D: r=0.37; youth without diabetes: r=0.25). Also, the correlations were higher
in older participants (T1D: r=0.43; T2D: r=0.52; youth without diabetes: r=0.50) than in
younger participants (T1D: r=0.19; T2D: r=0.32; youth without diabetes: r=0.31).
Moreover, the correlations were higher in normal weight T1D participants (r=0.35) and
overweight T2D participants (r=0.46) compared to over-weight T1D participants (r=0.18)
and normal weight T2D participants (r=0.22). When stratified by race/ethnicity, African
Americans and Hispanics with T2D tended to have higher Pearson correlations (African
Americans: r=0.50; Hispanics: r=0.55) than non-Hispanic Whites (r=0.31).

The results of the regression models are presented in Table 4.3. The YRBS questions
tended to overestimate (by 0.23, 0.54 and 0.40 for youth with T1D, T2D and without
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diabetes respectively) television watching compared with 3DPAR after adjusting for age,
gender, and race/ethnicity. For example, for a normal weight non-Hispanic White male
participant aged 15 years old, the half hour of television watching collected from the
YRBS were 2.0 (T1D), 1.5 (T2D) and 1.3 (without diabetes) respectively times higher
than half hour television watching blocks collected from the 3DPAR.

Discussion
In this validation study conducted among youth with and without diabetes, self-reported
hours of television watching evaluated by the YRBS questions were weakly to
moderately correlated with responses obtained from the 3DPAR. The correlations were
higher (i.e. in the moderate range) for youth with T2D, and who were also females, ≥15
years of age, and African Americans and Hispanics. The YRBS questions tended to
overestimate television watching among youth with and without diabetes compared with
3DPAR after adjusting for age, gender, and race/ethnicity.

The YRBS questions focus on the major risk behaviors and provide estimated prevalence
of these risk behaviors among young people 26. States and local districts health
departments use the YRBS data to assess and evaluate policies and programs to prevent
health risk behaviors among youth 27, so several studies have demonstrated the consistent
reliability of the high school versions of the YRBS 28-30. However, to our knowledge, this
study is the first attempt to validate report of television watching from the YRBS
questions among youth with T1D and T2D against a previously validated survey
instrument. According to Bryant’s 17 systematic review of measurement of television
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watching in children and adolescent, many television watching related questions were
adapted from existing tools 17,18,31,32. The most commonly used method was to
differentiate weekdays from weekend days 18,31-36, then average weekly television
watching was calculated by weighting the sum of the weekdays and weekend. Schmitz et
al. 14 compared self-reported weekly television watching adapted from the YRBS
questions with 7-day television watching log among middle school students and found
out a moderate reliability (r=0.68) and validity (r weekday television watching = 0.46, r weekend
television watching

= 0.37, r average television viewing over the week =0.47) comparing with the 7-day

television watching log. Their findings suggest that the YRBS questions were suitable to
measure television watching in middle school students.

The present study has several limitations: 1) unlike physical activity, it is very hard to
measure television watching and there is no gold standard. In this study, we used the selfreported YRBS questions as an alternative way to measure television watching
comparing with the 3DPAR which is also a self-reported measurement, although the
3DPAR has been validated by accelerometer 15; 2) in this study, 54.6% of participants
were less than 14 years old (middle school students) while the original target population
of YRBS were high school students; 3) the assessment of time spent in front of the
television may be inaccurate as the YRBS questions measure television watching with
error. However, it may still be possible to rank individuals by less or more television
watching using this instrument.
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This study also has several strengths. All data were from the population based SEARCHCC study with a large sample size and diverse racial/ethnic mix of participants. Second,
the YRBS questions were brief, which increases their potential for use in a variety of
settings. Third, regression models allow us to estimate the relationship between the
YRBS data and the 3DPAR data adjusting for multiple covariates.

In conclusion, among youth with diabetes, television watching measured by the YRBS
questions showed weak to moderate correlation with television watching measured by the
3DPAR. The correlation was stronger among youth who were older, female, overweight,
African American and Hispanic. Using YRBS questions may be a viable option to
measure television watching in youth with diabetes, particularly in large epidemiologic
studies when alternative assessment methods are either too costly or complex.
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Table 4.1. Demographic information between youth with and without diabetes: The SEARCH Case Control Study
3-Day Physical Activity Recall (3DPAR): n (%)

T1D

T2D

Without Diabetes

≤2h television watching

442 (76.5%)

81 (68.1%)

150 (68.2%)

>2h television watching

136 (23.5%)

38 (31.9%)

70 (31.8%)

3.5±3.3

4.9±4.1

4.1±3.6

≤2h television watching

208 (36.0%)

25 (21.0%)

66 (30.0%)

>2h television watching

370 (64.0%)

94 (79.0%)

154 (70.0%)

Female

286 (49.5%)

83 (69.8%)

133 (60.5%)

Male

292 (50.5%)

36 (30.2%)

87 (39.5%)

Non-Hispanic White

455 (79.4%)

33 (27.7%)

117 (53.9%)

African American

49 (8.5%)

67 (56.3%)

60 (27.7%)

Hispanic

56 (9.8%)

18 (15.1%)

35 (16.1%)

Others

13 (2.3%)

1 (0.9%)

5 (2.3%)

≤1

401 (69.4%)

13 (10.9%)

131 (59.6%)

>1

177 (30.6%)

106 (89.1%)

89 (40.4%)

14.6±3.4

15.9±2.8

14.5±2.9

Number of blocks per day of 3DPAR: (n± STD)
Youth Risk Behavior Survey (YRBS): n (%)
Gender: n (%)
Race▲: n (%)

BMI_z20: n (%)
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Age(years): (mean ± STD)
▲: Other races: Asian and multiple races

Table 4.2. Validation of television watching measured by the YRBS and 3DPAR: The SEARCH Case Control Study
T1D
T2D
Without Diabetes
Overall

0.30*

0.45*

0.41*

0.18 (0.091, 0.25)

0.42 (0.26, 0.58)

0.25 (0.13, 0.38)

Percent of agreement (%) ♦

61.77

71.43

62.72

Pearson correlation

0.31*

0.51*

0.54*

0.24 (0.12, 0.35)

0.35 (0.19, 0.51)

Pearson correlation
Kappa (95 C.I.)♦

Gender
Female

Kappa (95 C.I.)♦

Male

Percent of agreement (%) ♦

65.38

0.43 (0.24, 0.62)
72.29

Pearson correlation

0.30*

0.37*

0.25*

0.11 (-0.0027, 0.23)

0.39 (0.083, 0.69)

0.11 (-0.095, 0.31)

Percent of agreement (%) ♦

58.22

69.45

55.17

Pearson correlation

0.19*

0.32*

0.31*

0.12 (0.011, 0.23)

0.39 (0.12, 0.66)

0.29 (0.12, 0.45)

Percent of agreement (%) ♦

58.93

69.77

64.23

Pearson correlation

0.43*

0.52*

0.50*

0.25 (0.13, 0.38)

0.43 (0.23, 0.64)

0.21 (0.016, 0.40)

Percent of agreement (%) ♦

65.70

72.37

60.82

Pearson correlation

0.28*

0.31

0.34*

0.18 (0.087, 0.27)

0.18 (-0.14, 0.51)

0.21 (0.039, 0.39)

Kappa (95 C.I.)♦

67.67
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Age
<15 years

Kappa (95 C.I.)♦

≥15 years

Kappa (95 C.I.)

♦

Race
Non-Hispanic White

Kappa (95 C.I.)

♦

African American

Percent of agreement (%) ♦

62.85

60.60

62.40

Pearson correlation

0.18

0.50*

0.33*

-0.07 (-0.34, 0.19)

0.49 (0.29, 0.70)

0.16 (-0.092, 0.41)

Percent of agreement (%) ♦

44.90

74.63

58.33

Pearson correlation

0.38*

0.55*

0.67*

0.24 (-0.020, 0.50)

0.51 (0.010, 0.91)

0.37 (0.062, 0.68)

Percent of agreement (%) ♦

66.07

77.78

68.57

Pearson correlation

0.79*

N/A

0.35 (-0.17, 0.87)

N/A

Percent of agreement (%) ♦

69.23

N/A

N/A

Pearson correlation

0.18*

0.46*

0.41*

0.10 (-0.047, 0.25)

0.41 (0.24, 0.58)

0.32 (0.13, 0.52)

Percent of agreement (%) ♦

56.5

70.76

66.29

Pearson correlation

0.35*

0.22*

0.40*

0.20 (0.10, 0.30)

0.42 (-0.12, 0.96)

0.18 (0.0089, 0.34)

64.09

76.92

60.03

Kappa (95 C.I.)♦

Hispanic

Kappa (95 C.I.)♦

Others

Kappa (95 C.I.)♦

★
★

★

★

N/A

★

N/A

★
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BMI_Z20
>1

Kappa (95 C.I.)

≤1

Kappa (95 C.I.)

♦

♦

Percent of agreement (%) ♦

*: p<0.05; ♦: categorized into two groups by median ; ★: not applicable due to small sample size

Table 4.3. Associations of television watching measured by the YRBS and 3DPAR: The SEARCH Case Control Study
T1D
Estimate

F

T2D
P

Estimate

F

Without Diabetes
P

F

P

Intercept

4.05

YRBS

0.23

18.25

<.01

0.54

17.62

<.01

0.40

24.83

<.01

Age
Gender
(ref: Male)
Race (ref=White)

-0.15

9.56

<.01

0.02

0.01

0.91

0.15

3.01

0.08

-0.11

0.13

0.72

-0.46

0.27

0.60

-0.26

0.25

0.62

5.66

<.01

African American

1.12

Hispanic

0.26

Others

0.17

0.65

Estimate
-1.32

-0.38
1.5

0.21

-0.61
-3.09

0.51
0.25

0.86

2.98
-1.27
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Longitudinal association between meal frequency and risk markers in diabetes in the
SEARCH for Diabetes in Youth Study1
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Abstract
Background: Few studies have evaluated the long-term association between meal
frequency and risk markers in diabetes among youth with diabetes. Objective: The
objective was to examine the longitudinal association over 5 years between meal
frequency and HbA1c and serum lipids among youth with type 1 diabetes (T1D) and type
2 diabetes (T2D). Design: 1049 youth (≥10 yr. old) with recently diagnosed T1D and
T2D participated in the SEARCH for Diabetes in Youth Study from 2002-2005. Meal
frequency (1 to 3, 4 to 5 and 6 to 10 meals/day) measured at the initial visit was related to
HbA1c and serum lipids repeatedly measured over 5 years. Results: Meal frequency was
associated with changes in HbA1c among youth with T1D (n=821), but not T2D (n=228),
after multivariable adjustment. HbA1c increased constantly by 0.43% (p<0.05) among
youth with T1D who ate 1-3 meals/day than those ate 4-5 meals/day; and there was no
difference in change of HbA1c comparing individuals eating 4-5 meals/day and 6-10
meals/day. This association was stronger among youth who were ≥ 15 years (p-value for
interaction<0.05) and African American (p-value for interaction<0.05). Meal frequency
was not associated with changes in serum lipids among youth with T1D and T2D.
Conclusions: Youth with T1D who ate 1-3 meals/day had higher HbA1c over 5 years
compared with those who ate 4-5 meals/day, but not with those who ate 6-10 meals/day.
Frequent meals without increasing total energy intake may be beneficial for youth with
T1D.
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Background
Increased meal frequency has been associated with multiple metabolic benefits in adults
with diabetes 1. Consuming 6 to 13 small meals/day over 2 days had beneficial effects on
insulin sensitivity and blood glucose compared with those consuming 2 or 3 large
meals/day among adults with type 2 diabetes (T2D) 1,2. But this benefit was not
confirmed in a relatively longer-term (4 weeks) study 3 conducted among 13 adults with
T2D. More recent studies 4,5 reported similar metabolic benefits, including more
favorable glucose response, increased insulin sensitivity and improved lipids profiles,
were associated with increased meal frequency in healthy people.

Reduced meal frequency has been linked to reduced postprandial energy expenditure
which may lead to increased weight 5. Meanwhile, increased meal frequency could
reduce insulin secretion and increase fractional clearance of insulin 2,6. Also, increased
meal frequency could prolong absorption of carbohydrate, fiber and enzyme inhibitor that
can be linked to reduce mean insulin levels postprandial 1,6,7, lower postprandial glucose
profile 1,6,7, decrease 24-h urinary C-peptide output 1,8, flatter gastric inhibitory
polypeptide response 1,2,6, decrease unitary catecholamine output 6, reduce fasting and
postprandial serum total and LDL cholesterol levels 8-10, prolong suppression of plasma
free fatty acids 6, enhance urinary uric acid excretion 10, reduce serum apolipoprotein B
levels 11 and serum uric acid levels 10, and lower hepatic cholesterol synthesis 7.

To our knowledge, no published studies have evaluated the long-term effect of meal
frequency on glycemic and metabolic control among youth with type 1 diabetes (T1D)
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and T2D, even though diabetes is a growing public health concern in youth 12. Therefore,
in this study, we assessed the longitudinal relation over 5 years between meal frequency
and HbA1c and serum lipids among youth with both T1D and T2D using data from the
SEARCH for Diabetes in Youth Study.

Research design and methods
Study design and population
The SEARCH for Diabetes in Youth study is an on-going population-based,
observational study of non-gestational diabetes among youth < 20 years old. The multiple
clinical centers of SEARCH study that contributed data for this analysis are Ohio,
Colorado, Washington, South Carolina, California and Hawaii. The SEARCH study has
been previously described in detail 13 .

There were 1049 T1D and T2D youth (≥ 10 years old at the initial visit) who joined the
SEARCH study and provided baseline data from 2002 to 2005. Participants were reexamined one and five years after the initial visit. All participants in this study had
documented physician-diagnosed diabetes and information on year of diagnosis. Also,
they were less than 20 years old on December 31 of the year of diagnosis, and
participated in at least one follow-up visit.
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Data collection and measurement
Local institutional review boards that had jurisdiction over the local study population
reviewed and approved this study before implementation of data collection. Also, we
obtained written informed consent and child assent at the beginning of each study visit.

Trained and certified staff collected data by following standardized protocols for initial
and follow-up visits 13. Data were collected by questionnaires, physical examination and
laboratory tests.

Exposure:
In our food frequency questionnaire (FFQ), there was one question asking about meal
frequency behavior. It was: “Last week, about how many times each day did you eat
(including meals & snacks)?” The responses to this question were categorized as follows:
“0”, “1”, “2”, “3”, “4-5”, “6-7”, and “8-10” meals/day. Meal frequency was further
categorized as follows: “0-3”, “4-5” and “6-10” meals/day adapted from previous similar
studies 14,15.

Outcomes from laboratory tests:
SEARCH staff drew blood samples under the condition of metabolic stability (8 hours of
fasting and no episode of diabetic ketoacidosis in the previous month) at each visit. The
blood samples were shipped with dry ice to the central laboratory in Seattle, WA within
24 hours to measure HbA1c, LDL cholesterol, HDL cholesterol and triglyceride (TG).
An ion exchange high-performance liquid chromatography instrument (TOSOH,
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Bioscience, Inc., Dan Francisco, CA) was used to measure HbA1c. LDL, HDL and TG
were analyzed enzymatically on a Hitachi 917 auto analyzer (Boehringer Mannheim
Diagnostics, Indianapolis, Ind). Friedewald equation 16 and lipid research clinics beta
quantification 17 were used to calculate LDL for individuals with TG concentrations less
and more than 400 mg/dl (4.52 mmol/L) respectively.

Other covariates:
Demographic information including gender, age, race/ethnicity, type of insurance,
household income, and highest parental education were obtained from an initial survey at
baseline 18.

Physical activity was evaluated by a question adapted from the Youth Risk Behavioral
Survey questionnaires 19 and asked at each study visit. The physical activity question
was: “On how many of the past 7 days did you exercise or participate in a physical
activity for at least 20 minutes that made you sweat and breathe hard, such as basketball,
soccer, running, swimming laps, fast bicycling, fast dancing, or similar aerobic
activities?” The responses to this question were: “None”, “1 day”, “2 days”, “3 days”, “4
days”, “5 days”, “6 days”, and “7 days”.

All youth participated in standardized physical examinations. Height and weight were
measured by a stadiometer and electronic scale, respectively, at each visit. Dividing
weight (kg) by squared height (m) was used to calculate body mass index ([BMI] kg/m2),
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and age and gender specific BMI z-scores were obtained by using the Centers for Disease
Control and Prevention growth curves 20.

Statistical methods
Demographic information is shown as means and standard deviation for continuous
variables and frequencies and percents for categorical variables.

Longitudinal mixed models were fit separately for individuals with T1D and T2D to
characterize the relation between fixed meal frequency (meal frequency at each visit was
carried over as initial value) and time-varying HbA1c and serum lipids among youth with
diabetes that were included as random effects. Multivariate mixed models tested the
effects of meal frequency on HbA1c and serum lipids measured at the initial, 1 year and
or 5 year follow-up visits. In addition, an interaction term (duration of diabetes*initial
meal frequency) was added into the model to determine whether changes in HbA1c and
serum lipids (HDL, LDL and TG) over time varied by the initial meal frequency.
Duration of diabetes (number of months since diabetes diagnosis) was included in these
mixed models as an indicator of time for each participant. All models were expanded to
include fixed/non-time varying covariates, including gender, age at the initial visit,
race/ethnicity, highest parental education, type of insurance and household income, and
time-varying covariates including BMI- z score, total intake of calorie, physical activity
and treatment for diabetes and dyslipidemia 21,22.
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All statistical analyses were performed in SAS (version 9.1, 2003, SAS Institute Inc,
Cary, NC). Mixed models were used to fit longitudinal statistical models. P< 0.05 was
used as standard of significance.

Results
There were 821 youth with T1D and 228 youth with T2D in this study (Table 5.1).
Frequency of meal consumption was different in youth with
T1D and T2D. Among youth with T1D, 184 (22.4%) had 1-3 meals/day, 246 (30.0%)
had 4-5 meals/day and 391 (47.6%) had 6-10 meals/day. In comparison, of youth with
T2D, 94 (41.2%) had 1-3 meals/day, 32 (14.0%) had 4-5 meals/day, and 102 (44.8%) had
6-10 meals/day. The participants were similar with respect to age, gender, race,
socioeconomic, and insurance status across categories of meal consumption among those
with T1D and T2D. Youth with T1D who ate 4-5 meals/day were leaner (mean BMI zscore 0.4) than those eating 1-3 and 6-10 meals/day (mean BMI z-scores 0.6). No such
difference was seen in youth with T2D (Table 5.1).

Youth who eating 6-10 meals/day consumed more energy than those eating 4-5
meals/day (mean 1965.8 versus 1774.2 calories/day for T1D and mean 2184.7 versus
1703.9 calories/day for T2D) (Table 5.1). Mean caloric intakes for those eating 1-3
meals/day and 4-5 meals/day were similar in youth with T1D and T2D (Table 5.1). Youth
with T2D who consumed 1-3 meals/day had diets with a higher glucose and fructose
composition compared with those eating 4-5 meals/day (mean glucose 15.9 versus 12.8
g/1000 calories, and mean fructose 15.8 versus 12.1 g/1000 calories) (Table 5.1). The
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distribution of other nutrients was similar across categories of meal frequency in youth
with T1D and T2D (Table 5.1).

Longitudinal Mixed Models:
HbA1c significantly increased over time among youth with T1D and T2D. LDL and TG
only significantly increased over time among youth with T1D. Meal frequency at
baseline was associated with changes in HbA1c among youth with T1D after adjusting
for age at the initial visit, gender, race, physical activity, parental education, household
income, insurance type, BMI z-score, treatment for diabetes and dyslipidemia and total
calorie intake. HbA1c increased constantly by 0.43% (p<0.05) among youth with T1D
who ate 1-3 meals/day than those ate 4-5 meals/day (Table 5.2); and there was no
difference in change of HbA1c comparing individuals eating 4-5 meals/day and 6-10
meals/day. The relation between meal frequency and HbA1c did not depend on the initial
meal frequency measured at baseline (p-value for interaction between duration of
diabetes and meal frequency >0.05). The number of meals eaten per day was not
associated with changes in HDL, LDL and TG among youth with T1D and T2D, or
HbA1c among youth with T2D.

We further examined the relation between meal frequency and HbA1c among youth with
T1D stratified by gender, age (<15 years old and >= 15 years old), and race (NonHispanic white, African American, Hispanic, others) in Figure 5.1-5.3 and Table 5.3. For
youth with T1D, the effect estimates of having 4-5 meals per day vs. 1-3 meals per day
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on HbA1c were similar in males and females, but was stronger for older participants (≥15
years), and African Americans comparing with Non-Hispanic Whites.

Discussion
In the present study youth with T1D who consumed 1-3 meals/day had a greater increase
in mean HbA1c over 5 years compared with those consumed 4-5 meals/day, after
accounting for energy intake and other factors. This longitudinal association was stronger
among older and African American youth with T1D. There was no difference between
eating 4-5 meals/day and 6-10 meals/day in changes of HbA1c, even though individuals
who ate more frequent meals consumed more calories. Meal frequency was not
associated with HbA1c among youth with T2D, and serum lipids among youth with both
T1D and T2D. To our knowledge, this is the first study to prospectively evaluate
potential long-term metabolic effects of meal frequency in youth with diabetes.

Meal frequency has been recognized for over 20 years to be associated with metabolic
changes in people with diabetes 1. The American Diabetes Association (ADA) guidelines
on nutritional therapy in diabetes recognizes nutrition therapy as an essential component
of diabetes treatment, and recommends individualized dietary counseling as part of the
overall treatment plan 23. Previous ADA statement of nutrition principles reported that
increased meal frequency was related with lower mean bold glucose and insulin levels in
T2D 24. While the most recent ADA guidelines on nutrition therapy do not specify the
optimal meal frequency 23. Jenkins et al 1 and Bertelsen et al 2 have compared the effects

92

of 2 or 3 large meals/day with 6 to 13 small meals/day among adults with T2D in 2 days.
Both studies showed that increased meal frequency could increase insulin sensitivity and
lower blood glucose concentration over the day. Similar metabolic advantages, such as
reduction in serum lipids and lipid concentration, have also been observed in healthy
subjects 4,5,8. However, a relatively longer (4 weeks) study conducted by Arnold et al 25
on the impact of meal frequency on metabolic effects among 13 adults with T2D did not
confirm the potential benefits of increased meal frequency. Another randomized
crossover study (24 weeks) conducted among adults with T2D reported eating two large
meals a day could reduce body weight, hepatic fat content, fasting plasma glucose, Cpeptide and glucagon, and increase oral glucose insulin sensitivity than six meals a day 26.

It is biologically plausible that spreading the nutrient and energy load by increased meal
frequency may be beneficial for youth with diabetes. First, reduced meal frequency has
been linked to reduced postprandial energy expenditure which may lead to increased
weight 5. One study showed increased thermogenic response with reduced meal
frequency in humans 27. Second, increased meal frequency could prolong absorption of
carbohydrate, fiber and enzyme inhibitor that can be linked to reduce mean insulin levels
postprandial 1,6,7, lower postprandial glucose profile 1,6,7, decrease 24-h urinary C-peptide
output 1,8, flatter gastric inhibitory polypeptide response 1,2,6, decrease unitary
catecholamine output 6, reduce fasting and postprandial serum total and LDL cholesterol
levels 8-10, prolong suppression of plasma free fatty acids 6, enhance urinary uric acid
excretion 10, reduce serum apolipoprotein B levels 11 and serum uric acid levels 10, and
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lower hepatic cholesterol synthesis 7. Third, increased meal frequency could reduce
insulin secretion and increase fractional clearance of insulin 2,6.

The main purpose of increasing meal frequency is to spread nutrient load and avoid
hyperglycemia and hypoglycemia while holding constant total intake of calories.
However, we found that youth with both T1D and T2D eating 6-10 meals/day also
consumed more total calories. Similar findings were also reported by studies conducted
among adults free of diabetes 28 and those with T2D 29. We adjusted for total energy
intake, BMI, and physical activity in our analyses to account for these differences.
Nevertheless, these findings are important because even small amounts of excess energy
intake can lead to weight gain over time. Individuals making dietary recommendations to
children with diabetes need to consider this.

There is no ideal percentage of calories from carbohydrate, fat and protein for all people
with diabetes based on the most recent standards of medical care in diabetes from the
American Diabetes Association 30. Several studies reported that, on average, total intake
of calories were about 45% from carbohydrate, 36-40% from fat and 16-18% from
protein in people with diabetes 31-33. In our study, we found similar macronutrient
distribution among youth with T1D and T2D. Also, youth with T1D who ate 6-10
meals/day tends to have a lower percentages of calories from carbohydrate and more
from fat than who ate 4-5 meals/day.
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This study had several potential limitations. First, the exposure variable, meal frequency,
was assessed through self-report questionnaire. However, because participants did not
know their HbA1c or serum lipid values when meal frequency was assessed, it is unlikely
that the outcome contributed to error related to assessment of meal frequency. Therefore,
measurement error associated with assessment of meal frequency in this study would bias
the result towards the null. Second, meal frequency was treated as fixed in this analysis,
although eating habits may slightly change over time. Third, residual confounding was
possible because of the observational study design. However, in the analyses we adjusted
for many potential confounders including age, gender, race, total caloric intake, physical
activity, parental education, household income, insurance type, BMI z-score, and
treatment for diabetes and dyslipidemia. The associations reported in this paper were
independent of these potential confounders. Forth, our analysis was not able to separate
breakfast from the total number of meals consumed of a day, since several previous study
have shown breakfast was positively associated with T2D risk in adults 14,15. Fifth, we
have not found any association between meal frequency and HbA1c and serum lipids in
T2D. This is probably due to the small sample size of youth with T2D. Finally, total
caloric intake is usually underreported by the FFQ, so that, our adjustment for calculated
total caloric intake seemed to be incomplete.

Despite these limitations, this study also had several strengths. First, the large sample for
this analysis was drawn from the SEARCH for Diabetes in Youth Study population,
which is the largest prospective investigation among youth with T1D and T2D, and
includes all major US ethnic groups. Second, to our knowledge, this was the first
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longitudinal study design, including 5 years of follow-up, to evaluate the relationship
between meal frequency and HbA1c and serum lipids. Third, meal frequency was able to
be analyzed independently with other dietary variables, and ability to adjust for many
important potential confounders was also an important strengths of this study.

In conclusion, the HbA1c increase was smaller among youth with T1D consuming 4-5
meals/day than those consuming 1-3 meals/day over 5 years. This relation was stronger
among African Americans and those ≥15 years. There was no difference in HbA1c
levels among youth with T1D consuming 4-5 and 6-10 meals/day. However the latter
group consumed more calories. Eating more frequent meals in a day without increasing
total energy intake may be beneficial for youth with T1D.
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Table 5.1: Demographic, clinical and nutrient characteristics of participants at the initial visit: SEARCH for Diabetes in Youth, 2002-2005.
1-3
meals/day

T1D (n=821)
4-5
6-10
meals/day
meals/day

1-3
meals/day

T2D (n=228)
4-5
6-10
meals/day
meals/day

Demographics
Gender: n (%)
Race: n (%)

Female

85 (46.2)

115 (46.8)

184 (47.1)

58 (61.7)

20 (62.5)

61 (59.8)

Male

99 (53.8)

131 (53.2)

207 (52.9)

36 (38.3)

12 (37.5)

41 (40.2)

Non-Hispanic White

123 (66.9)

187 (76.0)

307 (78.5)

21 (22.3)

3 (9.4)

25 (24.5)

African American

25 (13.6)

21 (8.5)

35 (9.0)

33 (35.1)

16 (50.0)

33 (32.4)

Hispanic

26 (14.1)

29 (11.8)

35 (9.0)

23 (24.5)

5 (15.6)

24 (23.5)

10 (5.4)

9 (3.7)

14 (3.5)

17 (18.1)

8 (25.0)

20 (19.6)

14±2.6

13.3±2.4

13.7±2.3

15.4±2.3

14.9±2.6

14.9±2.6

Bachelor degree or more
Some college with associate
degree

79 (43.2)

118 (48.0)

186 (48.0)

13 (14.0)

10 (31.3)

13 (12.9)

64 (35.0)

76 (30.9)

139 (35.8)

30 (32.3)

8 (25.0)

42 (41.5)

High school

28 (15.3)

45 (18.3)

49 (12.6)

31 (33.3)

12 (37.5)

33 (32.7)

Less than high school

12 (6.5)

7 (2.8)

14 (3.6)

19 (20.4)

2 (6.2)

13 (12.9)

<$25,000

42 (23.1)

39 (15.9)

79 (20.4)

27 (28.7)

9 (28.1)

22 (21.5)

$25,000-49,000

30 (16.5)

56 (22.8)

86 (22.2)

10 (10.7)

4 (12.5)

11 (10.8)

$50,000-74,000

67 (36.8)

100 (40.6)

160 (41.2)

6(6.4)

3 (9.4)

11 (10.8)

≥75,000

29 (15.9)

37 (15.0)

40 (10.3)

38 (40.4)

10 (31.3)

47 (46.1)

DK/Ref

14 (7.7)

14 (5.7)

23 (5.9)

13 (13.8)

6 (18.7)

11 (10.8)

Medicaid/Medicare

35 (19.1)

37 (15.2)

56 (14.5)

35 (37.6)

14 (43.8)

41 ((40.3)

Private

143 (78.1)

198 (81.1)

319 (82.4)

49 (52.7)

15 (46.9)

55 (53.9)

Other

1 (0.6)

6 (2.5)

2 (0.5)

5 (5.4)

1 (3.1)

4 (3.9)

None

4 (2.2)

3 (1.2)

10 (2.6)

4 (4.3)

2 (6.2)

2 (1.9)

8.02±2.0

7.5±1.5

7.8±1.7

7.0±1.8

7.3±2.3

7.2±2.3

Others
Age: mean± SD
Parental highest education:
n (%)
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Annual household income:
n (%)

Insurance: n (%)

1

Clinical characteristics
HbA1c: mean ± SD

BMI z-score: mean ± SD
Diabetes treatment: n (%)

Insulin pump

0.6±0.9

0.4±0.9

0.6±1.0

2.2±0.5

2.2±0.7

2.1±0.7

9 (4.9)

16 (6.5)

46 (11.9)

0 (0.0)

0 (0.0)

0 (0.0)

Insulin 3+ times/day

113 (61.4)

95 (38.6)

220 (56.9)

10 (10.6)

1 (3.1)

14 (13.9)

Insulin <3 times/day

58 (31.5)

133 (54.1)

114 (29.4)

26 (27.7)

10 (31.3)

14 (13.9)

4 (2.2)

2 (0.8)

7 (1.8)

58 (61.7)

21 (65.6)

73 (72.2)

52.3±13.3

51.2±11.9

52.4±11.7

40.0±9.1

41.7±9.6

41.7±9.5

LDL: mean ± SD

93.7±25.6

91.4±24.2

95.1±29.8

101.2±29.0

103.1±27.9

93.8±28.4

TG: mean ± SD

83.82±99.3

68.1±38.3

71.6±47.4

141.1±91.1

138.4±95.2

125.0±97.8

17622±803

1774±683

19652±788

16342±704

1703±707

21842±858

113±18

2

120±24

114±20

114±21

47.9

45.6

45.8

2

No treatment
HDL: mean ± SD

Nutrient characteristics
Total calorie intake(cal):mean± SD
Total carbohydrate (g/1000cal):mean ± SD
Percent of calories from carbohydrate (%)
Fructose(g/1000cal):mean ± SD

116±18
46.5
10.5±5.7

47.1

118 ±19
45.2

2

99

9.8±6.3

10.8±6.9

15.8 ±9.7

12.1±9.5

13.6±10.1

2

Glucose (g/1000cal): mean ± SD

11.4±4.7

10.9±5.5

12.0 ±5.8

15.9±8.4

12.8±8.6

13.8±8.9

Total fat (g/1000cal):

43.3±6.7

44.1±6.6

42.42±6.7

42.0±7.6

43.7±7.5

43.8±7.4

38

39.4

39.4

Percent of calories from fat (%)

2

39

38.2

39.7

Total protein (g/1000cal):mean ± SD

39.9±5.2

40.5±5.6

39.8±5.9

37.4±7.8

39.5±6.0

40.0±6.6

Percent of calories from protein (%)

15.9

16

16.2

15.1

16

15.8

Total sugar (g/1000cal):mean ± SD

54.2±17.3

51.8±18.1

55.72±18.0

61.3±24.4

53.8±23.0

54.7±26.0

1:Other races: Asian Indian, American Indian or Alaska Native, Native Hawaiian, Asian etc.; 2: p<0.05 from ANOVA test

Table 5.2. Adjusted3 longitudinal associations of changes in HbA1c and serum lipids among youth with diabetes: SEARCH for Diabetes in Youth,
2002-2005
T1D
T2D
Mixed models
HbA1c
HDL
LDL
TG
HbA1c
HDL
LDL
TG
(ref=4-5 meals/day)2
(%)
(mg/dl)
(mg/dl)
(mg/dl)
(%)
(mg/dl)
(mg/dl) (mg/dl)
model 1

model 2

DM Duration

0.032 1

0.14 1

0.101

0.46 1

0.022 1

0.080 1

-0.011

0.044

DM Duration

0.033 1

0.14 1

0.10 1

0.37 1

0.023 1

0.06 1

0.02

0.15

<=3meals

0.43 1

1.90

1.67

7.52

-0.16

-2.71

-2.58

14.49

6-10meals

0.16

0.54

1.78

0.97

-0.11

-0.75

-8.43

0.64

0.035 1

0.15 1

0.12 1

0.49 1

0.025 1

0.033 1

-0.070

0.026

<=3meals

0.35 1

1.80

1.60

7.59

0.10

-2.43

-0.60

29.05

6-10meals

0.12

0.77

1.73

2.82

-0.012

-1.58

-11.59

-3.65

DM

<=3meals

-0.001

-0.003

-0.032

-0.352

-0.004

0.046

0.133

0.116

Duration*MF

6-10meals

-0.004

-0.024

-0.017

-0.13

-0.002

0.058

0.18

0.30

MF

DM Duration

100

MF
model 3

1: p<0.05; 2: Model 1: Outcome = β0 + β1(duration of diabetes)+ ε; Model 2: Outcome = β0 + β1(duration of diabetes) + β2(fixed meal frequency at
baseline)+ ε; Model 3: Outcome = β0 + β1(duration of diabetes) + β2(fixed meal frequency at baseline) + β3(duration of diabetes*fixed meal
frequency at baseline)+ ε; 3: Adjusted variables: Gender, age at the initial visit, race/ethnicity, highest parental education, type of insurance,
household income, BMI- z score, total intake of calorie, physical activity and treatment for diabetes and dyslipidemia.

Table 5.3. Stratified analysis for the significant longitudinal relation between meal frequency and HbA1c among youth with T1D
95% confidence interval
P for interaction 1

Estimate
Lower limit

Upper limit

0.430

0.163

0.719

Female

0.437

0.017

0.858

Male

0.414

0.028

0.800

<15 yrs

0.368

0.075

0.662

≥15 yrs

0.485

0.134

0.836

Non-Hispanic White (ref)

0.310

0.051

0.569

.

African American

1.552

0.471

2.633

<0.0001

Hispanic

0.365

-0.531

1.260

0.075

Others 2

1.210

-0.757

3.177

0.064

Overall
Gender

0.470

Age

0.031

Race
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1: interaction between stratified variables and meal frequency: Outcome = β0 + β1(duration of diabetes) + β2(fixed meal frequency at baseline) +
β3(fixed meal frequency at baseline*stratified variable)+ ε; 2: Other races: Asian Indian, American Indian or Alaska Native, Native Hawaiian, Asian
etc.

1

A1c(%) estimates from mixed model 2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Male

Female

Figure 5. 1 Estimates and 95% confidence interval of HbA1c in males and females with
T1D: SEARCH for Diabetes in Youth, 2002-2005
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A1c(%) estimates from mixed model 2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

≥15 years old

<15 years old

Figure 5. 2 Estimates and 95% confidence interval of HbA1c in younger and older youth
with T1D: SEARCH for Diabetes in Youth, 2002-2005
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3.5

A1c(%) estimates from mixed model 2

3
2.5
2
1.5
1
0.5
0
-0.5
-1
Non-Hispanic White

African
Amrican

Hispanic

Others

Figure 5. 3 Estimates and 95% confidence interval of HbA1c in Non-Hispanic White,
African American, Hispanic and others races with T1D: SEARCH for Diabetes in Youth,
2002-2005
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CHAPTER 6
SUMMARY
The aims of this dissertation were developed to add new knowledge in the area of youth
diabetes, sedentary behavior, meal frequency, validity of self-reported sedentary behavior
questions and HbA1c and cardiovascular risk markers.

To fulfill these aims we studied the largest and representative sample of youth with T1D
and T2D from the SEARCH and SEARCH-CC study in which we evaluated: 1. The
longitudinal association between television watching and computer use and HbA1c and
serum lipids among youth with diabetes; 2. The validity of self-reported television
watching questions adapted from the YRBS against the 3DPAR among youth with and
without diabetes; 3. The longitudinal association between meal frequency and HbA1c
and serum lipids among youth with diabetes;

The main findings were that HbA1c, LDL-c and TG levels increased over time in all
youth with T1D and T2D. However, the magnitude of increase was significantly greater
among those who watched more television and increased their television watching
behavior over time, compared to those who watched less TV, after adjusting for several
important confounders. Computer use was not associated with HbA1c and serum lipids in
this analysis.
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Self-reported hours of television watching evaluated by the YRBS questions were weakly
to moderately correlated with responses obtained from the 3DPAR. The correlations were
higher (i.e. in the moderate range) for youth with T2D, and who were also females, ≥15
years of age, and African Americans and Hispanics. The YRBS questions tended to
overestimate television watching among youth with and without diabetes compared with
3DPAR after adjusting for age, gender, and race.

Youth with T1D who consumed 1-3 meals/day had a greater increase in mean HbA1c
over 5 years compared with those consumed 4-5 meals/day or more, after accounting for
energy intake and other factors. This longitudinal association was stronger among older
and African American youth with T1D. There was no difference between eating 4-5
meals/day and 6-10 meals/day in changes of HbA1c, even though individuals who ate
more frequent meals consumed more calories. Meal frequency was not associated with
HbA1c among youth with T2D. Meal frequency was not associated with longitudinal
changes in serum lipids either among youth with T1D or T2D.

Sedentary behavior, including television watching and computer use, is an increasing
public health concern, because the duration of sedentary behavior is increasing1-4 5,6 and
sedentary behavior has been reported to be associated with multiple adverse health
outcome in the population of non-diabetic youth1,2,7-14. The first aim of this dissertation
added knowledge and evidence that increased sedentary behavior was associated with
poorer glycemic control in youth with diabetes over time. As mentioned in the
background section, several cross-sectional studies have reported that sedentary behavior,
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mainly including television watching and computer use, was associated with unhealthy
dietary behaviors in children and youth 15,16 17-19. For example, children may be placed in
front of a television with a snack or a meal when their parents need to do some other
household work. Some children and youth consumed a large proportion of energy when
they watched television 20. This kind of behavior can result in an increased number of
meals consumed in a day among children and youth. Especially for youth with diabetes,
the number of meals consumed a day can also be increased by consuming snacks before
and after physical activity in order to prevent hypoglycemia21,22. Although this
dissertation did not evaluated the above two possible associations between television
watching and meal frequency, we found that increased meal frequency was associated
with lower HbA1c among youth with T1D over time under the condition of consistent
energy intake.

This dissertation had several potential limitations. First, the exposure variable, television
watching, computer use and meal frequency, were assessed through self-report
questionnaire. However, because participants did not know their HbA1c or serum lipid
values when television watching, computer use and meal frequency were assessed, it is
unlikely that the outcome contributed to error related to assessment of these exposures.
Therefore, measurement error associated with assessment of television watching,
computer use and meal frequency in this study would bias the result towards the null.
Another limitation was the potential for residual confounding because of the
observational study design. However, we adjusted for many potential confounders
including age, gender, race, physical activity, computer use on weekdays parental

110

education, household income, insurance type, BMI z-score, family composition, and
treatment for diabetes, and dyslipidemia. The associations reported in this dissertation
were independent of these potential confounders.

Despite these limitations, this dissertation also had several strengthens. The sample for
this analysis was drawn from the SEARCH for Diabetes in Youth study population,
which is the largest prospective investigation among youth with T1D and T2D, and
includes all major US ethnic groups. The longitudinal study design, including 5 years of
follow-up, and the ability to adjust for many important potential confounders were also
important strengths of this study.

To sum up, first, television watching may contribute to poor glycemic control and
dyslipidemia in youth with diabetes and can be a potentially modifiable behavior to
improve health outcomes in youth with diabetes. Second, using YRBS questions may be
a viable option to measure television watching in youth with diabetes, particularly in
large epidemiologic studies when alternative assessment methods are either too costly or
complex making them not feasible. Third, eating more frequent meals in a day without
increasing total energy intake may be beneficial for youth with T1D.
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